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TITLE OF THE INVENTION 

CYCLIC AMIDINE ANALOGS AS INHIBITORS OF NITRIC OXIDE 
SYNTHASE 

5 BACKGROUND OF THE INVENTION 

This application is directed to inhibitors of Nitric oxide 
synthase, and in particular cyclic amidines. 

10 Nitric Oxide in Biology. 

The emergence of nitric oxide (NO), a reactive, inorganic 
radical gas as a molecule contributing to important physiological and 
pathological processes is one of the major biological revelations of recent 

15 times. This molecule is produced under a variety of physiological and 
pathological conditions by cells mediating vital biological functions. 
Examples include endothelial cells lining the blood vessels; nitric oxide 
derived from these cells relaxes smooth muscle and regulates blood 
pressure and has significant effects on the function of circulating blood 

20 cells such as platelets and neutrophils as well as on smooth muscle, both 
of the blood vessels and also of other organs such as the airways. In the 
brain and elsewhere nitric oxide serves as a neurotransmitter in non- 
adrenergic non-cholinergic neurons. In these instances nitric oxide 
appears to be produced in small amounts on an intermittent basis in 

25 response to various endogenous molecular signals. In the inmiune 
system nitric oxide can be synthesized in much larger amounts on a 
protracted basis. Its production is induced by exogenous or endogenous 
inflanmiatory stimuli, notably endotoxin and cytokines elaborated by 
cells of the host defense system in response to infectious and 

30 inflammatory stimuli. This induced production results in prolonged nitric 
oxide release which contributes both to host defense processes such as 
the kilhng of bacteria and viruses as well as pathology associated with 
acute and chronic inflanmiation in a wide variety of diseases. The 
discovery that nitric oxide production is mediated by a unique series of 

35 three closely related enzymes, named nitric oxide synthases, which utilize 
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the amino acid arginine and molecular oxygen as co-substrates has 
provided an understanding of the biochemistry of this molecule and 
provides distinct pharmacological targets for the inhibition of the 
synthesis of this mediator, which should provide significant beneficial 
5 effects in a wide variety of diseases. 

Nitric Oxide Svntha«M»^ 

Nitric oxide and L-citrulline are formed from L-arginine via 
1 0 the dioxygenase activity of specific nitric oxide synthases (NOSs) in 
mammalian cells. In this reaction, L-arginine, 02 and NADPH are 
cosubstrates while FMN. FAD and tetrahydrobiopterin are cofactors. 
NOSs fall into two distinct classes, constitutive NOS (cNOS) and 
inducible NOS (iNOS) . Two constitutive NOSs have been identified. 
15 They are: 

(i) a constitutive, Ca++/calmodulin dependent enzyme, located 
in the endothelium (ecNOS or NOS 3), that releases NO in 
response to receptor or physical stimulation, 

(ii) a constimtive, Ca-H-/calmodulin dependent enzyme, located 
2^ in 'he brain (ncNOS or NOS 1 ) and elsewhere, that releases 

NO in response to receptor or physical stimulation. 

The third isoform identified is inducible NOS (iNOS or NOS 2): 

(iii) a Ca++ independent enzyme which is induced after 
2^ activation of vascular smooth muscle, macrophages, 

endothelial cells, and a large number of other cells by 
endotoxin and cytokines. Once expressed, this inducible NO 
syndiase produces NO in relatively large amounts for long 
periods of time. 

30 

Spectral studies of both the mouse macrophage iNOS and rat 
brain ncNOS have shown that these enzymes (which has been classified 
as P-450-like enzymes from their CO-difference spectra) contain a heme 
moiety. The structural similarity between NOS and the P- 
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450/flavoprotem complex suggests that the NOS reaction mechanism 
may be similar to P-450 hydroxylation and/or peroxidation. This 
indicates that NOS belongs to a class of flavohemeproteins which contain 
both heme and flavin binding regions within a single protein in contrast 
5 to the multiprotein NADPH oxidase or Cytochrome P-450/NADPH Cyt c 
reductase complexes. 

Distinct Functions of NO Produced by Different Nitric 

C)?ttde Synthases, 

10 The NO released by the constitutive enzymes (NOS 1 and 

NOS 3) acts as an autocoid mediating a number of physiological 
responses. Two distinct cDNAs accounting for the activity of NOS 1 and 
NOS 3 in man have been cloned, one for NOS 1 (Nakane et. ai, FEBS 
Letters, 316, 175-182, 1993) which is present in the brain and a number 
15 of peripheral tissues, the other for an enzyme present in endothelium 

(NOS 3) (Marsden et. aL, FEBS Utters, 307, 287-293, 1992). This latter 
enzyme is critical for production of NO to maintain vasorelaxation. A 
second class of enzyme, iNOS or NOS 2, has been cloned from human 
liver (GeUer et. al. PNAS, 90, 3491-5, 1993), and identified in more than 
20 a dozen other cells and tissues, including smooth muscle cells, 

chondrocytes, the kidney and airways. As with its counterpart from the 
murine macrophage, this enzjone is induced upon exposure to cytokines 
such as gamma interferon (IFN-y), interleukin- 1 P (IL- 1 P), tumor necrosis 
factor (TNF-a) and LPS (lipopolysaccharide). Once induced, iNOS 
25 expression continues over a prolonged period of time. The enzyme does 
not require exogenous calmodulin for activity. 

Endothelium derived relaxation factor (EDRF) has been 
shown to be produced by NOS 3 (Moncada et. al, Pharmacol. Reviews, 
43, 109-142, 1991). Studies with substrate analog inhibitors of NOS 
30 have shown a role for NO in regulating blood pressure in animals and 
blood flow in man, a function attributed to NOS 3. NO has also been 
shown to be an effector of the cytotoxic effects of activated macrophages 
(Nathan, FASEB J., 6, 3051-64, 1992) for fighting tumour cells and 
invading microorganisms (Wright et al.. Card. Res., 26 ,48-57, 1992 and 
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Moncada et ai. Pharmacological Review, 43, 109-142, 1991). It also 
appears that the adverse effects of excess NO production, in particular 
pathological vasodilation and tissue damage, may result largely from the 
effects of NO synthesized by the NOS 2. 
5 NO generated by NOS 2 has been implicated in the 

pathogenesis of inflammatory diseases. In experimental animals 
hypotension induced by LPS or TNF-a can be reversed by NOS 
inhibitors and reinitiated by L-arginine (Kilboum et. al, PNAS. 87. 3629- 
32, 1990). Conditions which lead to cytokine-induced hypotension 
10 include septic shock, hemodialysis (Beasley and Brenner, Kidney Int., 42, 
SuppL, 38, S96~S100, 1992) and IL-2 therapy in cancer patients (Hibbs 
et. al, J. Clin. Invest., 89, %61-11, 1992). NOS 2 is implicated in these 
responses, and thus the possibility exists that a NOS inhibitor would be 
effective in ameliorating cytokine-induced hypotension. Recent studies 
15 in animal models have suggested a role for NO in the pathogenesis of 
inflammation and pain and NOS inhibitors have been shown to have 
beneficial effects on some aspects of the inflammation and tissue changes 
seen in models of inflammatory bowel disease, (Miller et. al., J. 
Pharmacol. Exp. Ther.. 264, 1 1-16, 1990) and cerebral ischemia and 
20 arthritis (lalenti et. al, Br. J. Pharmacol ., 110, 701-6, 1993; Stevanovic- 
Racic etal, Arth. & Rheum,, 37, 1062-9, 1994). Moreover transgenic 
mice deficient in NOS 1 show diminished cerebral ischemia (Huang et. 
al, Science, 265, 1883-5, 1994). 

Further conditions where there is an advantage in inhibiting 
25 NO production from L-arginine include therapy with cytokines such as 
TNF, IL-1 and IL-2 or therapy with cytokine-inducing agents, for 
example 5, 6-dimethybcanthenone acetic acid, and as an adjuvant to short 
term inmiunosuppression in transplant therapy. In addition, compounds 
which inhibit NO synthesis may be of use in reducing the NO 
30 concentration in patients suffering from inflammatory conditions in 
which an excess of NO contributes to the pathophysiology of the 
condition, for example adult respiratory distress syndrome (ARDS) and 
myocarditis. 
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There is also evidence that an NO synthase enzyme may be 
involved in the degeneration of cartilage which takes place in 
autoimmune and/or inflammatory conditions such as arthritis, rheumatoid 
arthritis, chronic bowel disease and systemic lupus erythematosis (SLE). 
5 It is also thought that an NO synthase enzyme may be involved in 

insulin- dependent diabetes mellitus. Therefore, a yet further aspect of 
the present invention provides cyclic amidine derivatives or salts thereof 
in the manufacture of a medicament for use in cytokine or cytokine- 
inducing therapy, as an adjuvant to short term immunosuppression in 
10 transplant therapy, for the treatment of patients suffering from 

inflanmiatory conditions in which an excess of NO contributes to the 
pathophysiology of the condition. 

SUMMARY QF THt? INVENTTON 

15 

The invention disclosed herein encompasses compounds of 

Formula I 

( );S 

'■''•NH^Rs 

I 

20 

and pharmaceutically acceptable salts thereof which have been found 
useful in the treatment of nitric oxide synthase mediated diseases and 
disorders, including neurodegenerative disorders, disorders of 
gastrointestinal motility and inflanmiation. These diseases and disorders 

25 include hypotension, septic shock, toxic shock syndrome, hemodialysis 
related conditions, tuberculosis, cancer, IL-2 therapy such as in cancer 
patients, cachexia, immunosuppression such as in transplant therapy, 
autoimmune and/or inflammatory indications including sunburn, eczema 
or psoriasis and respiratory conditions such as bronchitis, asthma, 

30 oxidant-induced lung injury and acute respiratory distress (ARDS), 
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glomerulonephritis, restenosis, inflammatory sequelae of viral infections, 
myocarditis, heart failure, atherosclerosis, osteoarthritis, rheumatoid 
arthritis, septic arthritis, chronic or inflanmiatory bowel disease, 
ulcerative colitis, Crohn's disease, systemic lupus erythematosis (SLE), 
5 ocular conditions such as ocular hypertension, retinitis and uveitis, type 1 
diabetes, insulin-dependent diabetes mellitus and cystic fibrosis. 
Compounds of Formula I are also usful in the treatment of hypoxia, 
hyperbaric oxygen convulsions and toxicity, dementia, Alzheimer's 
disease, Sydenham's chorea, Parkinson's disease, Huntington's disease, 

10 amyotrophic lateral sclerosis (ALS), multiple sclerosis, epilepsy, 

Korsakoffs disease, imbecility related to cerebral vessel disorder, NO 
mediated cerebral trauma and related sequelae, ischemic brain edema 
(stroke), sleeping disorders, eating disorders such as anorexia, 
schizophrenia, depression, pre-menstrual syndrome (PMS), urinary 

15 incontinence, anxiety, drug and alcohol addiction, pain, migraine, emesis, 
inmiune complex disease, as immunosupressive agents, acute allograft 
rejection, infections caused by invasive microorganisms which produce 
NO and for preventing or reversing tolerance to opiates and diazepines. 

20 DETAILED DESCRIPTTQN OF THE TNVFNTrON 

The invention disclosed herein encompasses compounds of 



Formula I 



( )'n 
"4 



25 



and pharmaceutically acceptable salts thereof wherein 
side a or side b has a double bond, 
nis 0, 1, 2. 3 or 4 
30 X is selected from CH2, O, S and NH, 
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Rl, R2 and R3 are each independently selected from the group consisting 
of 

(a) hydrogen, 

(b) Ci-i2alkoxy, 

5 (c) C 1 - 1 2alkylS(0)k wherein k is 0, 1 or 2, 

(d) mono C 1 - 1 2alky lamino, 

(e) (di-Ci-i2alkyl)aniino, 

(f) Cl-i2alkylcarbonyl, 

(g) Ci-i2alkyl, 
10 (h) C2-12alkenyl. 

(i) C2.12alkynyl, 
(j) C5-iocycloalkyl, 

(k) hetero C5. 1 Ocycloalkyl.wherein the hetero C5- 1 Qcycloalkyl 
optionally contains 1 or 2 heteroatoms selected from S, O 
15 andN, 

(1) aryl, selected from phenyl or naphthyl, 
(m) heteroaryl, wherein heteroaryl is selected from the group 
consisting of: 

(I) benzimidazolyl, 
^0 (2) benzofiiranyl, 

(3) benzooxazolyl, 

(4) furanyl, 

(5) imidazolyl, 

(6) indolyl, 

(7) isooxazolyl, 

(8) isothiazolyl, 

(9) oxadiazolyl, 

(10) oxazolyl, 

(II) pyrazinyl, 
0 (12) pyrazolyl, 

(13) pyridyl, 

(14) pyrimidyl, 

(15) pyrrolyl, 
(17) isoquinolyl. 
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10 



15 



20 



25 



30 



(18) tetrazolyl, 
a (19) thiadiazolyl, 

(20) thiazolyl, 

(21) thienyl, and 

(22) triazolyl, 

(n) amino, 
(o) oxo, 
(p) C(0)OH, 

(q) C(0)0R6, R6 is selected from hydrogen, phenyl, cyclohexyl 
orCi-6alkyl, 

each of (b) to (m) being optionally mono or di- substituted 
the substituents being independently selected from 

(1) hydroxy, 

(2) carboxy, 

(3) -NR6R7, where R7 is selected from hydrogen, phenyl, 

cyclohexyl or Ci.6alkyl, 

(4) -OR6. 

(5) -C(0)0R6. 

(6) -S(0)kR6. 

(7) halo selected from F, CI, Br and I, 

(8) -C(=NR6)-NHR7, 

(9) -S-C(=NR6)-NHR7, 

or when two members of the group Rl, R2 and R3, including the 
optional substituents present thereon, reside on the same 
atom of Formula I, or two of the group Rl , R2 and R3, 
including the optional substituents present thereon, reside 
on adjacent atoms of Formula I, said two members may 
optionally be joined, such that together with the atoms to 
which they are attached there is formed a saturated or 
unsaturated monocyclic ring of 5, 6 or 7 atoms, said 
monocyclic ring optionally containing up to three hetero 
atoms selected from N, O or S, 

or when a member of the group Rl, R2 and R3 including the 
optional substituents present thereon, resides on an atom 
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adjacent to the N on which R4 resides, said member may 
optionally be joined with R4, such that together with the N 
on which R4 resides and the carbon on which said member 
resides there is formed a samrated or unsaturated 
monocyclic heterocycle of 5, 6 or 7 atoms, said monocycle 
optionally containing up to three hetero atoms selected from 
N, O or S, 

R4. R5 and R5a are each independently selected from the group 
consisting of 

(a) hydrogen, 

(b) linear and branched C 1 - 1 2alkyl, optionally mono or di- 
substituted, the substiments being independently selected 
from 

(1) hydroxy, 

(2) carboxy, 

(3) -NR6R7, 

(4) -OR6. 

(5) -C(0)OR6, 

(6) -S(0)kR6. 

(7) halo selected from F, CI, Br and I, 

(8) phenyl, optionally mono or di-substituted with 

hydroxy, halo, Ci-4alkyl, or Ci.4alkoxy, 
(c) -C(0)NR8R9. where Rg and R9 are each independenUy 
hydrogen, phenyl, cyclohexyl or C l-6alkyl, said C 1 -ealkyl 
optionally substituted by 

(1) hydroxy, 

(2) amino, 

(3) carboxy, 

(4) -NRioRl 1, wherein Rio and Ri 1 are each 

independentiy H, Cl.6alkyl, phenyl or benzyl, 

(5) -ORio, 

(6) -C(O)ORi0. 

(7) -S(O)mRl0. where m is 0, 1 or 2, 

(8) halo selected from F, CI, Br and I, 
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(9) optionally substituted aryl wherein aryl and aryl 

substituents are as defined above, 

(10) optionally substituted heteroaryl wherein heteroaryl and 

heteroaryl substituents are as defined above, 
5 (11) optionally substituted C5-10cycloalkyl wherein 

cycloalkyl and cycloalkyl substituents are as defined 
above, 

(12) optionally substituted hetero C5-i0cycloalkyl wherein 
hetero cycloalkyl and hetero cycloalkyl substituents 
10 are as defined above. 

(d) -C(S)NR8R9. 

(e) -C(0)R9, 

(f) -C(0)0R9. 

(g) -C(S)R9. 
15 (h) phenyl, 

(i) cyclohexyi, 
provided that R4 is present only when side a is a single bond and R5a is 
present only when side b is a single bond. 

Within this embodiment is the genus wherein 
20 n is 0, 1,2, 3 or 4, 

X is selected from CH2. O, S and NH, 

Rl, R2 and R3 are each independently selected from the group consisting 
of 

(a) hydrogen, 
25 (b) Ci.6alkoxy, 

(c) Ci-6alkylamino, 

(d) C 1 -6alkylcarbonyl, 

(e) Ci-6alkyl, 

(f) C2-6alkenyl, 

30 (g) C5, C6 or Cvcycloalkyl, 

(h) hetero C5 or C6 cycloalkyl, wherein the hetero C5 or C6 
cycloalkyl optionally contains 1 heteroatom selected from S, 
O and N, 

(i) aryl, selected from phenyl or naphthyl. 
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G) heteroaryl, wherein heteroaryl is selected from the group 
consisting of: 

(1) furanyl, 

(2) pyrazinyl, 

(3) pyrazolyl, 

(4) pyridyl, 

(5) pyrimidyl, 

(6) thiazolyl, 

(7) thienyl, and 

(8) triazolyl, 

each of (b) to (j) being optionally mono or di- substituted the 
substituents being independently selected from 

(1) hydroxy, 

(2) carboxy, 

(3) -NR6R7, where R6 and R7 are each independently 

hydrogen, phenyl or Ci-4alkyl, 

(4) -OR6, 

(5) -C(0)0R6, 

• (6) -S(0)kR6, where k is 0, 1 or 2, 
(7) halo selected from F, CI, Br and I. 

or when two members of the group Ri, R2 and R3 including the 
optional substituents present thereon, reside on the same 
atom of Formula I, or two of the group Ri , R2 and R3, 
including the optional substituents present thereon, reside 
on adjacent atoms of Formula I, said two members may 
optionally be joined, such that together with the atoms to 
which they are attached there is formed a saturated or 
unsaturated monocyclic ring of 5, 6 or 7 atoms, said 
monocyclic ring optionally containing up to three hetero 
atoms selected from N, O or S, 

or when a member of the group Ri, R2 and R3 including the 
optional substituents present thereon, resides on an atom 
adjacent to the N on which R4 resides, said member may 
optionally be joined with R4, such that together with the N 
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on which R4 resides and the carbon on which said member 
resides there is formed a saturated or unsaturated 
monocyclic heterocycle of 5, 6 or 7 atoms, said monocycle 
optionally containing up to three hetero atoms selected from 
5 N, O or S, 

R4, R5 and R5a are each independently selected from the group 

consisting of 

(a) hydrogen, 

(b) linear and branched Cl.6alkyl, optionally mono or di- 
substituted, the substituents being independently selected 
from 

(1) hydroxy, 

(2) carboxy, 

(3) -NR6R7. 
15 (4) .OR6, 

(5) -C(0)0R6, 

(6) -S(0)kR6, where k is 0, 1 or 2. 

(7) halo selected from F, CI, Br and I, 

(c) -C(0)NR8R9, where Rg and R9 are each independently 
hydrogen, phenyl, cyclohexyl or Ci.4alkyl, said Ci.4alkyl 
optionally substituted by 

(1) hydroxy, 

(2) amino, 

(3) carboxy, 

25 (4) -NRioRi 1, wherein Rio and Ri 1 are each 

independently H, C l -4alkyl, phenyl or benzyl, 

(5) -ORio. 

(6) -C(O)ORi0, 

(7) -S(O)mRl0. where m is 0, 1 or 2, 
30 (8) halo selected from F, CI, Br and I, 

(9 optionally substituted aryl wherein the aiyl and 

substituents are as defined above, 
(10) optionally substituted heteroaryl wherein the heteroaryl 

and substituents are as defined above, 
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(11) optionally substituted C5 or C6 cycloalkyl wherein the 

cycloalkyl and substituents are as defined above, 

(12) optionally substituted hetero C5 or C6 cycloalkyl 

wherein the hetero cycloalkyl and substituents are as 
5 defined above, 

(d) -C(S)NR8R9. 

(e) -C(0)R9, 

(f) -C(0)0R9. 

(g) -C(S)R9, 
10 (h) phenyl, 

(i) cyclohexyl, 
such that R4 is present only when side a is a single bond and side b is a 
double bond. 

^ ^ Within this genus is the class of compounds of die formulae 



R4 



or 



wherein 

X is selected from CH2, S and NH, 

Rl, R2 and R3 are each independendy selected from the group consisting 
20 of 

(a) hydrogen, 

(b) linear and branched C 1 -4alkyl, said C i u^alkyl 

being optionally mono or di- substituted the substituents 
being independendy selected from 
25 (1) carboxy, 

(2) -NR6R7, wherein R6 and R7 are each independendy 

hydrogen or C l -3alkyl, 

(3) -OR6, 

(4) -C(0)0R6, 

30 (5) -S(0)kR6. where k is 0, 1 or 2, 
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R4 is selected from the group consisting of 

(a) hydrogen, 

(b) -C(0)NHR9, where R9 is hydrogen or C 1 -4alkyl, said C i . 
4alkyl optionally substituted by 

5 (1) hydroxy, 

(2) amino, 

(3) carboxy, 

(4) -NRioRl 1, wherein Rio and R 1 1 are each 

independentiy 
10 Ci-salkyl, 

(5) -ORio. 

(6) -C(0)ORia 

(7) -S(O)mRl0. where m is 1 or 2, 

(8) halo selected from F, CI, Br and I, 
15 (c) -C(S)NHR9; 

(d) Cl-salkyl; 
R5 is selected from the group consisting of 

(a) hydrogen, 

(b) -C(0)NHR9, 
20 (c) -C(S)NR8R9. 

(d) Ci.3alkyl. 

As appreciated by those of skill in the art the additional 
carbon members of the Formula I ring, "( )n" and definitions "CH2" and 
"NH" under X, provide available positions for the substituents Ri, R2 or 
25 R3. 

When any variable (e.g. Ri, R2, R3, R4, R5, R6, R7, RS, 
Ra, k, n, p etc.) occurs in any position of a compound of Formula I, its 
definition on each occurrence is independent of its definition at every 
other occurrence. 

30 Accordingly, in one aspect the invention disclosed herein 

encompasses compounds of Formula I 
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( )S 




and pharmaceutically acceptable salts thereof wherein 
5 side a or side b has a double bond, 
n is 0, 1,2, 3 or 4 

X is selected from CH2, CR12R13. O, S(0)m, NH, and -N(Ci-6alkyl)-, 
m is 0, 1 or 2, 

Rl. R2, R3, R12 and R13 are each independently selected from the grou 
10 consisting of 



(a) hydrogen, 

(b) Ci.i2alkoxy, 

(c) Ci-i2alkylS(0)k wherein k is 0, 1 or 2, 

(d) mono C l - 1 2alky lamino. 

(e) (di-Ci.i2alkyl)amino. 
(0 Cl-i2alkylcarbonyl, 

(g) Ci-i2alkyl. 

(h) C2-12alkenyl, 

(i) C2-12aIkynyl, 
(i) C5-10cycloalkyl, 

(k) hetero C5.iocycloalkyl,wherein the hetero C5-iocycloalkyl 
optionally contains 1 or 2 heteroatoms selected from S, O 
and N, 

(1) aryl, selected from phenyl or naphthyl, 
(m) heteroaryl, wherein heteroaiyl is selected from the group 
consisting of: 



(1) benzimidazolyl, 

(2) benzofuranyl, 

(3) benzooxazolyl, 

(4) furanyl, 

(5) imidazolyl. 
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(6) indolyl, 

(7) isooxazolyl, 

(8) isothiazolyl, 

(9) oxadiazolyl, 

(10) oxazolyl, 

(11) pyrazinyl, 

(12) pyrazolyl, 

(13) pyridyl, 

(14) pyrimidyl, 

(15) pyrrolyl, 

(17) isoquinolyl, 

(18) tetrazolyl, 

(19) thiadiazolyl, 

(20) thiazolyl, 

(21) thienyUand 

(22) triazolyl, 

(n) amino, 
(o) oxo, 
(p) C(0)OH, 

(q) C(0)0R6, R6 is selected from hydrogen, phenyl, cyclohexyl 
orCl.6aIkyl, 

each of (b) to (m) being optionally mono or di- substituted 
the substituents being independently selected from 

(1) hydroxy, 

(2) carboxy, 

(3) -NR6R7, where R7 is selected from hydrogen, phenyl, 

cyclohexyl or Ci-6alkyl, 

(4) -OR6, 

(5) -C(0)0R6. 

(6) -S(0)kR6. 

(7) halo selected from F, CI, Br and I, 

(8) -C(=NR6)-NHR7, 

(9) -S-C(=NR6)-NHR7. 



wo 96/14844 PCr/US95/14812 



-17- 

or when two members of the group Ri, R2 and R3 including the 
optional substituents present thereon, reside on the same 
carbon atom of Formula I, or two of the group Ri, R2 and 
R3, including the optional substituents present thereon, 

5 reside on adjacent atoms of Formula I, said two members 

may optionally be joined, such that together with the atom to 
which they are attached there is formed a samrated or 
unsamrated monocyclic ring of 5, 6 or 7 atoms, said 
monocyclic ring optionally containing up to three hetero 

10 atoms selected from N, O or S, 

or when a member of the group Ri, R2 and R3 including the 
optional substituents present thereon, resides on an atom 
adjacent to the N on which R4 resides, said member may 
optionally be joined with R4, such that together with the N 

1^ on which R4 resides and the carbon on which said member 

resides there is formed a saturated or unsaturated 
monocyclic heterocycle of 5, 6 or 7 atoms, said monocycie 
optionally containing up to three hetero atoms selected from 
N, OorS, 

20 with the proviso that one of R 1 2 and R 1 3 is other than hydrogen, 
R4, R5 and R5a are each independently selected from the group 
consisting of 

(a) hydrogen, 

(b) linear and branched C i . 1 2alky 1, optionally mono or di- 
25 substituted, the substituents being independently selected 

from 

(1) hydroxy, 

(2) carboxy, 

(3) -NR6R7. 
30 (4) .OR6, 

(5) -C(0)0R6. 

(6) -S(0)kR6. 

(7) halo selected from F, CI, Br and I, 
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(8) phenyl, optionally mono or di-substituted with 
hydroxy, halo, Cl-4alkyl, or Cl-4alkoxy, 
(c) -C(0)NR8R9. where Rs and Kg are each independently 
hydrogen, phenyl, cyclohexyl or Ci-6alkyl, said Ci-6alkyl 
5 optionally substituted by 

(1) hydroxy, 

(2) amino, 

(3) carboxy, 

(4) -NRioRl 1, wherein RiO and Ri l are each 

10 independentlyH,Cl-6alkyl, phenyl or benzyl, 

(5) -ORIO, 

(6) -C(O)ORi0, 

(7) -S(O)mRl0, where m is 0, 1 or 2, 

(8) halo selected from F, CI, Br and I, 

15 (9) optionally substituted aryl wherein aryl and aryl 

substituents are as defined above, 

(10) optionally substituted heteroaryl wherein heteroaryl and 

heteroaryl substituents are as defined above, 

(11) optionally substituted C5-10cycloalkyl wherein 

20 cycloalkyl and cycloalkyl substituents are as defined 

above, 

(12) optionally substituted hetero Cs-iocycloalkyl wherein 

hetero cycloalkyl and hetero cycloalkyl substituents 
are as defined above, 
25 (d) -C(S)NR8R9, 

(e) -COR9. 

(f) -C(0)0R9, 

(g) -C(S)R9, 

(h) phenyl, 

30 (i) cyclohexyl, 

provided that R4 is present only when side a is a single bond and R5a is 
present only when side b is a single bond. 

Within this embodiment is the genus wherein 
m is 0, 1 or 2, 
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n is 0, 1,2, 3 or 4, 

X is selected from CH2, CR12R13, O, S(0)m NH, and -N(Ci.6alkyI)-, 
Rl, R2, R3, R12 and R13 are each independently selected from the 
group consisting of 
5 (a) hydrogen, 

(b) Ci.6alkoxy, 

(c) Ci-ealkylamino, 

(d) Cl.6alkylcarbonyl, 

(e) Ci.6alkyl, 
10 (f) C2.6alkenyl, 

(g) C5, C6 or CTcycloalkyl, 

(h) hetero G5 or C6 cycloalkyl, wherein the hetero C5 or C6 
cycloalkyl optionally contains 1 heteroatom selected from S, 
O and N, 

1^ (i) aiyl, selected from phenyl or naphthyl, 

(j) heteroaryl, wherein heteroaryl is selected from the group 
consisting of: 

(1) furanyl, 

(2) pyrazinyl, 
^0 (3) pyrazolyl, 

(4) pyridyl, 

(5) pyrimidyl, 

(6) thiazolyl, 

(7) thienyl, and 
25 (8) triazolyl, 

each of (b) to (j) being optionally mono or di- substimted the 
substituents being independently selected from 

(1) hydroxy, 

(2) carboxy, 

^0 (3) -NR6R7, where R6 and R7 are each independently 

hydrogen, phenyl or C 1 -4alkyl, 

(4) -OR6, 

(5) -C(0)0R6. 

(6) -S(0)kR6. where k is 0, 1 or 2. 
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(7) halo selected from F, CI, Br and I, 
or when two members of the group Rl, R2 and R3 including the 
optional substituents present thereon, reside on the same 
atom of Formula I, or two of the group Ri , R2 and R3, 
5 including the optional substituents present thereon, reside on 

adjacent atoms of Formula I, said two members may 
optionally be joined, such that together with the atoms to 
which they are attached there is formed a saturated or 
unsaturated monocyclic ring of 5, 6 or 7 atoms, said 
monocyclic ring optionally containing up to three hetero 
atoms selected from N, O or S, 
or when a member of the group Rl, R2 and R3 including the 
optional substituents present thereon, resides on an atom 
adjacent to the N on which R4 resides, said member may 
^ ^ optionally be joined with R4, such that together with the N 

on which R4 resides and the carbon on which said member 
resides there is formed a saturated or unsaturated 
monocyclic heterocycle of 5, 6 or 7 atoms, said monocycle 
optionally containing up to three hetero atoms selected from 
20 N,OorS, 

with the proviso that one of R12 and R 13 is other than hydrogen, 
R4, R5 and R5a are each independently selected from the group 
consisting of 

(a) hydrogen, 

25 (b) linear and branched C 1 .6alkyl, optionaUy mono or di- 

substituted, the substituents being independendy selected 
from 

(1) hydroxy, 

(2) carboxy, 

30 (3) -NR6R7, 

(4) -OR6. 

(5) -C(0)0R6. 

(6) -S(0)kR6. where k is 0, 1 or 2. 

(7) halo selected from F, CI, Br and I, 
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(c) -C(0)NR8R9, where Rg and R9 are each independenUy 
hydrogen, phenyl, cyclohexyl or Ci.4alkyl, said Ci.4alkyl 
optionally substituted by 
(1) hydroxy, 
5 (2) amino, 

(3) carboxy, 

(4) -NRioRl 1 . wherein Rio and R 1 1 are each 

independently H, C 1 -4alkyl, phenyl or benzyl, 

(5) -ORio. 

10 (6)-C(O)ORi0, 

(7) -S(O)niRl0. where m is 0, 1 or 2, 

(8) halo selected from F, CI, Br and I, 

(9) optionally substituted aryl wherein the aryl and 

substituents are as defined above, 
^ ^ (10) optionaUy substituted heteroaryl wherein the heteroaryl 

and substituents are as defined above, 

(11) optionally substituted C5 or C6 cycloalkyl wherein the 

cycloalkyl and substituents are as defined above, 

(12) optionally substituted hetero C5 or C6 cycloalkyl 

^0 wherein the hetero cycloalkyl and substituents are as 

defined above, 

(d) -C(S)NR8R9, 

(e) -COR9, 

(f) -C(0)0R9, 
25 (g) -C(S)R9, 

(h) phenyl, 

(i) cyclohexyl, 

such that R4 is present only when side a is a single bond and side b is a 
double bond. 

30 

Within this genus is the class of compounds of the formulae 
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Ri,R2,R3<>^- 



R1.R2.R3-T- / 



'^4 or 



wherein 

X is selected from CR12R13. S(0)m and -N(Cl^alkyl)-, 
Rl,R2. RBt R12 and R 13 are each selected from the group consisting of 
5 (a) hydrogen, 

(b) hydroxy, 

(c) linear and branched Cl.4alkyl or linear and branched Cl- 
4alkoxy, wherein said Ci-4alkyl or Ci-4alkoxy is optionally 
mono or di- substituted the substituents being independently 

10 selected from 

(1) carboxy, 

(2) -NR6R7, wherein R^ and R7 are each 

independently hydrogen or Ci-3alkyl, 

(3) -OR6. 

15 • (4) -C(0)0R6. 

(5) -S(0)kR6. where k is 0. 1 or 2, 
with the proviso that one of R12 and R13 is other than hydrogen, 
R4 is selected from the group consisting of 
(a) hydrogen, 

20 (b) -C(0)NHR9, where R9 is hydrogen or C 1 ^alky 1, said C 1 . 

4alkyl optionally substituted by 

(1) hydroxy, 

(2) amino, 

(3) carboxy, 

25 (4) -NRioRl 1 , wherein Rio and R 1 1 are each 

indep>endently 
Ci.3alkyl, 

(5) -ORio. 

(6) -C(O)ORi0, 

30 (7) -S(O)mRl0, where m is 1 or 2. 

(8) halo selected from F, CI, Br and I, 
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10 



15 



20 



(c) -C(S)NHR9; 

(d) Cl.3alkyl; 

R5 is selected from the group consisting of 

(a) hydrogen, 

Cb) -C(0)NHR9, 

(c) -C(S)NR8R9. 

(d) Ci-3alkyl. 

In an alternative embodiment the invnetion is directed to 
compounds of the formulae 



Xis -N(Ci-3alkyl)-, 

Rl, R2 and R3 are each independently selected from the group 
consisting of 

(a) hydrogen, 

(b) linear and branched Cl-4alkyi, said C l -4alkyl 

being optionally mono or di- substituted the substituents 

being independently selected from 

(1) carboxy, 

(2) -NHR7, wherein R6 and R? are each independently 

hydrogen or Ci-3alkyl, 

(3) -C(0)0R6. and 

(4) -S(0)kR6, where k is 1 or 2, 

(c) hydroxy, 

14 is selected from the group consisting of 

(a) hydrogen, 

(b) Cl.3alkyl; 

15 is selected from the group consisting of 
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(a) hydrogen, 

(b) -C(0)NHR9, where R9 is hydrogen or C i -4alkyl, said 
Ci-4alkyl optionally substituted by 

(1) hydroxy, 
5 (2) amino, 

(3) carboxy, 

(4) -NRloRl 1, wherein Rio and Ri 1 are each 

independently 
Ci-salkyl, 
10 (5) -ORio. 

(6) -C(0)ORio, 

(7) -SRio.and 

(8) -S(O)mRl0. where m is 1 or 2, 

(9) halo selected from F, CI, Br and I, 
15 (c) -C(S)NR8R9. 

(d) Ci-salkyl; 

Within this embodiment is the genus of compound of the 

formulae 



20 R4 



2 7 N "1 N N' 



wherein 

Xis -N(Cl-3alkyl)-, 

Rl and R2 are each selected from 

hydrogen or linear and branched Ci~4alkyl, said Ci-4alkyl 
being optionally mono or di- substituted the substituents 
being independently selected from 

(1) carboxy, 

(2) -NHR7, wherein R6 and R7 are each independently 

hydrogen or C 1 -3alkyl, 
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5 



(3) -C(0)OR6, and 

(4) -S(0)kR6. where k is 1 or 2, 
R4 is selected from the group consisting of 

(a) hydrogen, 

(b) Cl-3alkyl; 

R5 is selected from the group consisting of 



(a) hydrogen, 

(b) -C(0)NHR9, where R9 is hydrogen or C 1 -4alkyl, said 
Ci-4alkyl optionally substituted by 

(1) hydroxy, 

(2) amino, 

(3) carboxy, 

(4) -NRioRl 1, wherein Rio and Ri 1 are each 

independently Cl-Balkyl, 

(5) -ORio, 

(6) -C(O)ORi0, 

(7) -SR 10, and 

(8) -S(O)mRl0, where m is 1 or 2, 

(9) halo selected from F, CI, Br and I 

(c) -CSNR8R9. 

(d) Ci-3alkyl. 

Within this genus are the compounds of the formulae 



hydrogen, hydroxy or linear and branched Ci-4alkyl, said 
Ci-4alkyl 




25 wherein 



Xis -N(Ci-3alkylK 

Rl is selected from the group consisting of 
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being optionally mono or di- substituted the substituents 
being independently selected from 

(1) carboxy, 

(2) -NHR7, wherein R6 and R? are each independendy 
5 hydrogen or C i -3alkyl, 

(3) -C(0)0R6. and 

(4) -S(0)kR6» where k is 1 or 2, 
R2 is linear and branched Cl-4alkyl, 

R4 is selected from the group consisting of 
10 (a) hydrogen, 

(b) Cl.3alkyl; 
R5 is selected from the group consisting of 

(a) hydrogen, 

(b) -C(0)NHR9, where R9 is hydrogen or C i -4alkyl, said 
15 Ci-4alkyl optionally substituted by 

(1) hydroxy, 

(2) amino, 

(3) carboxy, 

(4) -NRioRl 1 , wherein Rio and Rl 1 are each 
20 independently 

Ci-3alkyl, 

(5) -ORio. 

(6) -C(O)ORi0. 

(7) -SRlo. and 

25 (8) -S(O)mRl0. where m is 1 or 2, 

(9) halo selected from F, CI, Br and I, 

(c) -CSNR8R9. 

(d) Ci-salkyl. 
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Exemplifying the invention are the compounds of Examples 
1 through 161. 

As appreciated by those of skill in the art, compounds of 
5 Formula I include those wherein diere is a double bond at side a or b such 
as those shown in Formula la or lb or tautomeric forms thereof: 



R4 R 



5a 



la lb 
As also appreciated by those of skiU in the art, compounds 
1 0 of Formula 1 wherein or when two members of the group R 1 . R2 and R3 

are joined together to form a ring are intended to include such formulae 
as: 



Rsa or Rsa or "sa 
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wherein p is 0, 1, or 2 and wherein the second ring may contain up to 
three hetero atoms selected from N, O or S. 

Similarly, compounds of Formula I wherein a member of the 
group Ri , R2 and R3 resides on an atom adjacent to the N on which R4 
5 resides and forms a ring therewith may be illustrated by: 




wherein p is 0, 1, or 2 and wherein the second ring may contain up to 
three hetero atoms selected from N, O or S 



In one preferred aspect the compounds of the invention are 
of the formulae 




wherein 

15 X is selected from CH2, NH and S, 

Rl, R2 and R3 are each independently selected from the group consisting 
of 

(a) hydrogen, 

(b) linear and branched C 1 .6alkyl, wherein said C 1 .6alkyl 
20 is optionally mono or di- substituted the substituents bein<' 

independently selected from 

(1) carboxy, 

(2) -NHR7, wherein R6 and R7 are each independentiy 

hydrogen or Ci-Salkyl, 



BNSDOCID: <WO 9614844A1_L> 



wo 96/14844 



PCT/US95/14812 



-29- 

(3) -OR6, 

(4) -C(0)0R6. 

(5) -S(0)kR6. where k is 0, 1 or 2, 
(c) hydroxy, 

5 (d) Cl-6alkoxy; 

R4 is selected from the group consisting of 

(a) hydrogen, 

(b) -C(0)NHR9, where R9 is hydrogen or C 1 -3 alky 1, said C l - 
Balkyl optionally substituted by 

10 (1) hydroxy, 

(2) amino, 

(3) carboxy, 

(4) -NRioRll, wherein RlO and Rl l are each 

independently Ci-3alkyl, 
15 (5)-ORio. 

(6) -C(O)ORl0, 

(7) -S(O)mRl0. where m is 0, 1 or 2, 

(8) halo selected from F, CI, Br and I, 

(c) -C(S)NHR9; 
20 (d) Cl-Salkyl; 

RS are each independently selected from the group consisting of 

(a) hydrogen, 

(b) -C(0)NHR9. 

(c) -C(S)NR8R9. 
25 (d) -Ci-Salkyl. 

In a second preferred aspect the compounds of the invention 
have cis stereochemistry at the ring junction and are of the formula 
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wherein p is 1 or 2, and 

R3 and the ring formed by the joining of Ri and R2 are optionally mono 
or di-substituted with substituents selected from the group consisting of 
(1) hydroxy, 
5 (2) carboxy, 

(3) -NR6R7, where R6 and R7 are each selected from 

hydrogen, phenyl, cyclohexyl or Ci-6alkyl, 

(4) -OR6. 

(5) -C(0)0R6, 
10 (6)-S(0)kR6, 

(7) halo selected from F, CI, Br and I, 

(8) -C(=NR6)-NHR7, 

(9) -S-C(=NR6)-NHR7. 



15 



Within this second preferred aspect are the compounds 

wherein 



R3 is selected from 

hydrogen, hydroxy or linear and branched Ci.4alkyl said 
Ci^alkyl, 

optionally mono or di- substituted the substituents being 
independently selected from 

(1) carboxy, 

(2) -NHR7, wherein R6 and R7 are each independently 

hydrogen or Ci-3alkyl, 
25 (3) -C(0)0R6, and 

(4) -S(0)kR6. where k is 1 or 2; 
R4 is selected from the group consisting of 

(a) hydrogen, 

(b) Cl-3alkyl; 

30 R5 is selected from the group consisting of 

(a) hydrogen, 

(b) -C(0)NHR9, where R9 is hydrogen or C 1 ^alkyl, said 
Ci-4alkyl optionally substituted by 

(1) hydroxy. 
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(2) amino, 

(3) carboxy, 

(4) -NRloRl 1, wherein Rio and Ri i are each 

independently 
5 Cl-salkyl. 

(5) -ORl0. 

(6) -C(O)ORi0. 

(7) -SRlo, and 

(8) -S(O)niRl0, where m is 1 or 2, 

1 0 (9) halo selected from F, CI, Br and I, 

(c) -C(S)NR8R9. 

(d) Ci-SalkyL 

For purposes of this specification alkyl is defined to include 
linear, branched, and cyclic structures, with Ci.6alkyl including methyl, 
15 ethyl, propyl, 2-propyl, s- and t-butyl, butyl, pentyl, hexyl, cyclopropyl, 
cyclobutyl, cyclopentyl and cyclohexyl. Similarly. Cl-6alkoxy is 
intended to include alkoxy groups of from 1 to 6 carbon atoms of a 
straight, branched, or cyclic configuration. Examples of lower alkoxy 
groups include methoxy, ethoxy, propoxy, isopropoxy, cyclopropyloxy, 
20 cyclohexyloxy, and the like. Likewise, Cue alkylthio is intended to 
include alkylthio groups of from 1 to 6 carbon atoms of a straight, 
branched or cycUc configuration. Examples of lower alkylthio groups 
include methylthio, propylthio, isopropylthio, cycloheptylthio, etc. By 
way of illustration, the propylthio group signifies -SCH2CH2CH3. 

Heteroaryl includes, but is not limited to ftiran, thiophene, 
pyrrole, isoxazole, isothiazole, pyrazole, oxazole. thiazole, imidazole, 

1.2.3- oxadiazole, 1,2,3-thiadiazole, 1,2,3-triazole, 1,3,4-oxadiazole, 

1.3.4- thiadiazole, 1,3,4-triazole, 1.2,5-oxadiazole, 1,2,5-thiadiazole, 

pyridine, pyridazine, pyrimidine, pyrazine, 1,2,4-triazine, 1,3,5-triazine 
30 and 2,4,5-tetrazine. 

As outlined in the summary of the invention, the compounds 
of the instant invention are useful for in the treatment of a number of 
NOS impUcated diseases. The impUcation of these diseases is well 
documented in the Uterature. For example, with regard to psoriasis, see 
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Ruzicka et. ai, J. Invest. Derai., 103: 397 (1994) or Kolb-Bachofen et. 
al, Lancet, 344: 139 (1994) or Bull, et al., J. Invest. Derm., 
103:435(1994); with regard to uveitis, see Mandia et. al, Invest 
Opthalmol., 35: 3673-89 (1994); with regard to type 1 diabetes, see 
5 Eisieik & Leijersfam, Diabetes & Metabolism, 20: 1 16-22 (1994) or 
Kroncke et. al, BBRC, 175: 752-8 (1991) or Welsh et. al, Endocrinol, 
129: 3167-73 (1991); with regard to septic shock, see Petros et. al, 
Lancet, 338: 1557-8 (1991),Thieraennann & Vane, Eur. J. Pharmacol., 
21 1 : 172-82 (1992), or Evans et. al. Infec. Imm., 60: 4133-9 (1992), or 
10 Schilling et. al. Intensive Care Med., 19: 227-231 (1993); with regards to 
pain, see Moore et. al, Brit. J. Pharmacol., 102: 198-202 (1991), or 
Moore et, al Brit. J. Pharmacol., 108: 296-97 (1992) or Meller et. al. 
Europ. J. Pharmacol. 214: 93-6 (1992) or Lee et. al, NeuroReport, 3: 
841-4 (1992); with regard to migraine, see Olesen et. al, TIPS, 15: 149- 
15 153(1 994) ; with regard to rheumatoid arthritis, see Kaurs & Halli weU. 
FEBS Letters, 350: 9-12 (1994); with regard to osteoarthritis, see Stadier 
et. al. J. Immunol. 147: 3915-20 (1991); with regard to inflammatory 
bowel disease, see Miller et. al. Lancet, 34: 465-66 (1993) or MUler et 
al. J. Pharmacol. Exp. Ther., 264: 1 1-16 (1993); with regard to asthma 
see Hamid et. al. Lancet, 342: 1510-13 (1993) or Kharitonov, et. al. 
Lancet, 343: 133-5 (1994); with regard to Immune complex diseases, see 
MuUigan et. al, Br. J. Pharmacol., 107: 1159-62 (1992); with regard to 
multiple sclerosis, see Koprowski et. al. PNAS, 90: 3024-7 (1993); with 
regard to ischemic brain edema, see Nagafiiji et. al. Neurosci., 147: 159- 
25 62 ( 1 992) or Buisson et. al, Br. J. Pharmacol., 106: 766-67 ( 1 992) or 
Trifiletti et. al. Europ. J. Pharmacol, 218: 197-8 (1992); with regard to 
toxic shock syndrome, see Zembowicz & Vane, PNAS, 89: 2051-55 
(1992); with regard to heart failure, see Winlaw et. al, Lancet, 344: 373- 
4 (1994); with regard to ulcerative coUtis, see Boughton-Smith et al 
30 Lancet 342: 338-40 (1993); and with regard to atherosclerosis, see White 
et. al. PNAS, 91: 1044-8 (1994); with regard to glomenilonephritis, see 
Muhl et. al. Br. J. Pharmcol. 112: 1-8 (1994); with regard to Paget s 
disease and osteoporosis, see Lowick et. al. J. Clin. Invest., 93: 1465-72 
(1994); with regard to inflanmiatory sequelae of viral infections, see 
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Koprowski eL al, PNAS, 90: 3024-7 (1993); with regard to retinitis, see 
Goureau et. ai, BBRQ 186: 854-9 (1992); with regard to oxidant induced 
lung injury, see Berisha et. al, PNAS, 91: 744-9 (1994); with regard to 
eczema, see Ruzica, et al., /. Invest. Derm., 103:395(1994); with regard 
5 to acute allograft rejection, see Devlin, J. et al., Transplantation, 58:592- 
595 (1994); and with regard to infection caused by invasive 
microorganisms which produce NO, see Chen, Y and Rosazza, J.P.N. , 
Biochem. Biophys. Res. Comm., 203:1251-1258(1994). 

The pharmaceutical compositions of the present invention 
10 comprise a compound of Formula I as an active ingredient or a 
pharmaceutically acceptable salt, thereof, and may also contain a 
pharmaceutically acceptable carrier and optionally other therapeutic 
ingredients. The term "pharmaceutically acceptable salts" refers to salts 
prepared from pharmaceutically acceptable non-toxic acids or bases 
15 including inorganic bases and organic bases. Salts derived from 

inorganic acids include aluminum, ammonium, calcium, copper, ferric, 
ferrous, lithium, magnesium, manganic salts, manganous, potassium, 
sodium, zinc, and the like. Particularly preferred are the ammonium, 
calcium, magnesium, potassium, and sodium salts. Salts derived from 
20 pharmaceutically acceptable organic non-toxic bases include salts of 
primary, secondary, and tertiary amines, substituted amines including 
naturally occurring substituted amines, cyclic amines, and basic ion 
exchange resins, such as arginine, betaine, caffeine, choline, N,N-- 
dibenzylethylenediamine, diethylamine, 2-diethylaminoethanol, 2- 
25 dimethylaminoethanol, ethanolamine, ethylenediamine, N- 

ethylmorpholine, N-ethylpiperidine, glucamine, glucosamine, histidine, 
hydrabamine, isopropylamine, lysine, methylglucamine, morpholine, 
piperazine, piperidine, polyamine resins, procaine, purines, theobromine, 
triethylamine, trimethylamine, tripropylamine, tromethamine, and the 
30 like. 

It will be understood that in the discussion of methods of 
treatment which follows, references to the compounds of Formula I are 
meant to also include the pharmaceutically acceptable salts. 
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The pharmaceutical compositions containing the active 
ingredient may be in a form suitable for oral use, for example, as tablets, 
troches, lozenges, aqueous or oily suspensions, dispersible powders or 
granules, emulsions, hard or soft capsules, or syrups or elixirs. 
Compositions intended for oral use may be prepared according to any 
method known to the art for the manufacture of pharmaceutical 
compositions and such compositions may contain one or more agents 
selected from the group consisting of sweetening agents, flavoring 
agents, coloring agents and preserving agents in order to provide 
pharmaceutically elegant and palatable preparations. Tablets contain the 
active ingredient in admixmre with non-toxic pharmaceutically 
acceptable excipients which are suitable for the manufacture of tablets. 
These excipients may be for example, inert diluents, such as calcium 
carbonate, sodium carbonate, lactose, calcium phosphate or sodium 
15 phosphate; granulating and disintegrating agents, for example, com 
starch, or alginic acid; binding agents, for example starch, gelatin or 
acacia, and lubricating agents, for example, magnesium stearate, stearic 
acid or talc. The tablets may be uncoated or they may be coated by 
known techniques to delay disintegration and absorption in the 
gastrointestinal tract and thereby provide a sustained action over a longer 
penod. For example, a time delay material such as glyceryl monostearate 
or glyceryl distearate may be employed. They may also be coated by the 
technique described in the U.S. Patent 4.256,108; 4,166,452; and 
4,265,874 to form osmotic therapeutic tablets for control release. 

Formulations for oral use may also be presented as hard 
gelatin capsules wherein the active ingredient is mixed with an inert solid 
diluent, for example, calcium carbonate, calcium phosphate or kaolin, or 
as soft gelatin capsules wherein the active ingredient is mixed with wLter 
or an oil medium, for example peanut oil, liquid paraffin, or olive oil. 

Aqueous suspensions contain tiie active material in 
admixture with excipients suitable for the manufacttire of aqueous 
suspensions. Such excipients are suspending agents, for example sodium 
carboxymethyl-cellulose. methylcellulose, hydroxy- 
propylmethycellulose. sodium alginate, polyvinyl-pyrrolidone, gum 
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tragacanth and gum acacia; dispersing or wetting agents may be a 
naturally-occurring phosphatide, for example lecithin, or condensation 
products of an alkylene oxide with fatty acids, for example 
polyoxyethylene stearate, or condensation products of ethylene oxide 
5 with long chain aliphatic alcohols, for example heptadecaethylene- 

oxycetanol, or condensation products of ethylene oxide with partial esters 
derived from fatty acids and a hexitol such as polyoxyethylene sorbitol 
monooleate, or condensation products of ethylene oxide with partial 
esters derived from fatty acids and hexitol anhydrides, for example 
10 polyethylene sorbitan nionooleate. The aqueous suspensions may also 
contain one or more preservatives, for example ethyl, or n-propyl, p- 
hydroxybenzoate, one or more coloring agents, one or more flavoring 
agents, and one or more sweetening agents, such as sucrose, saccharin or 
aspartame. 

15 Oily suspensions may be formulated by suspending the 

active ingredient in a vegetable oil, for example arachis oil, olive oil, 
sesame oil or coconut oil, or in mineral oil such as liquid paraffin. The 
oily suspensions may contain a thickening agent, for example beeswax, 
hard paraffin or cetyl alcohol. Sweetening agents such as those set forth 

20 above, and flavoring agents may be added to provide a palatable oral 

preparation* These compositions may be preserved by the addition of an 
anti-oxidant such as ascorbic acid. 

Dispersible powders and granules suitable for preparation of 
an aqueous suspension by the addition of water provide the active 

25 ingredient in admixture with a dispersing or wetting agent, suspending 
agent and one or more preservatives. Suitable dispersing or wetting 
agents and suspending agents are exemplified by those already mentioned 
above. Additional excipients, for example sweetening, flavoring and 
coloring agents, may also be present. 

30 The pharmaceutical compositions of the invention may also 

be in the form of an oil-in-water emulsions. The oily phase may be a 
vegetable oil, for example olive oil or arachis oil, or a mineral oil, for 
example liquid paraffm or mixtures of these. Suitable emulsifying agents 
may be naturally-occurring phosphatides, for example soy beans, lecithin. 
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and esters or partial esters derived from fatty acids and hexitol 
anhydrides, for example sorbitan monooleate. and condensation products 
of the said partial esters with ethylene oxide, for example 
polyoxyethylene sorbitan monooleate. The emulsions may also contain 
5 sweetening and flavouring agents. 

Syrups and elixirs may be formulated with sweetening 
agents, for example glycerol, propylene glycol, sorbitol or sucrose. Such 
formulations may also contain a demulcent, a preservative and flavoring 
and coloring agents. The pharmaceutical compositions may be in the 
1 0 form of a sterile injectable aqueous or oleagenous suspension. This 
suspension may be formulated according to the known art using those 
suitable dispersmg or wetting agents and suspending agents which have 
been mentioned above. The sterile injectable preparation may also be a 
stenle injectable solution or suspension in a non-toxic parenterally- 
15 acceptable diluent or solvent, for example as a solution in 1,3-butane diol 
Among the acceptable vehicles and solvents that may be employed are 
water, Ringer s solution and isotonic sodium chloride solution. In 
addition, sterile, fixed oils are conventionally employed as a solvent or 
suspending medium. For this purpose any bland fixed oil may be 
:0 employed including synthetic mono- or diglycerides. In addition fatty 
acids such as oleic acid find use in the preparation of injectables. 

Compounds of formula I may also be administered in the 
form of a suppositories for rectal administration of the drug. These 
compositions can be prepared by mixing the drug with a suitable non- 
imtatmg excipient which is solid at ordinary temperatures but liquid at 
Uie rectal temperature and will therefore melt in the rectum to release the 
drug. Such matenals are cocoa butter and polyethylene glycols. 

For topical use, creams, ointments, jellies, solutions or 
suspensions, etc., containing the compound of Formula I are employed 
(For purposes of this application, topical application shall include mouth 
washes and gargles.) 

Dosage levels of the order of from about 0.01 mg to about 
140 mg/kg of body weight per day are useful in the treatment of the 



' •«0OCID: <WO 9614844A1 J_> 



PCr/US95/14812 



-37 



10 



above-indicated conditions, or alternatively about 0.5 mg to about 7 g per 
pauent per day. For example, inflammation may be effectively treated by 
the admimstration of from about 0.01 to 50 mg of the compound per 
kilogram of body weight per day, or alternatively about 0.5 mg to about 
3.5 g per patient per day, preferably 2.5 mg to 1 g per patient per day. 

The amount of acdve ingredient that may be combined with 
the earner materials to produce a single dosage form will vary depending 
upon the host treated and the particular mode of administration. For 
example, a formulation intended for the oral administration of humans 
may contain from 0.5 mg to 5 g of active agent compounded with an 
appropnate and convenient amount of carrier material which may vary 
from about 5 to about 95 percent of the total composition. Dosage unit 
forms will generally contain between from about 1 mg to about 500 mg 
1 5 It ^«ive ingredient, typically 25 mg, 50 mg, 100 mg. 200 mg. 300 mg, 
15 400mg,500mg.600mg.800mg,orl000mg. 

It will be understood, however, that the specific dose level 
for any particular patient will depend upon a variety of factors including 
the age body weight, general health, sex. diet, time of administration, 
route of administration, rate of excretion, drug combination and the 
seventy of the particular disease undergoing therapy 
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NOS activity is measured as the formation of L-[2,3,4,5- 
3H]Citrulline from L-[2,3,4,5-3H]Arginine. The incubation buffer (100 
^L) contained; 100 mM TES, pH 7.5, 5 ^.M FAD, 5 FMN, 10 ^iM 
BH4, 0.5 mM NADPH. 0.5 mM DTT, 0.5 mg/mL BSA, 2 mM CaC12, 10 
jig/mL calmodulin (bovine). 1 ^iM L-Arg, 0.2 [iCi L-[2,3,4,5-3H]Arg, 
and the inhibitor in aqueous DMSO (max. 5 %). The reaction is initiated 
by addition of enzjane. Incubations are performed at room temperamre 
for 30 minutes and stopped by the addition of an equal volume of 
quenching buffer consisting of 200 mM sodium citrate, pH 2.2, 0.02% 
sodium azide. Reaction products are separated by passing through a 
cation exchange resin and quantitated as cpm by scintillation counting. 
Percent inhibition is calculated relative to enzyme incubated without 
inhibitor according to: % inhibition = 100 x (cpm L-[2,3,4,5-3H]Cit with 
inhibitor / cpm L-[2,3,4,5-3H]Cit without inhibitor). 
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Illustrative of the utility of the compounds of Formula I is 
the ability of such compounds to inhibit NO synthase as shown in Tables 
1-5 and as measured by the assay described above: 



TABLE 1 
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y-N(H)R5 
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% inhibition 
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TABLES 



Stereochemical Prefe rences for NOS Inhibition 



Example 


iNOS 


ecNNOS 


ncNOS 


No. 


IC50 (uM) 


IC50 (uM) 


IC50 (u 


87 


0.015 


0.05 


0.02 


88 


0.022 


0.1 


0.009 


89 


0.24 


7.3 


1.2 


90 


1.63 


9.9 


5.0 


91 


0.62 


8.3 


0.58 


92 


0.14 


1.9 


0.25 


93 


0.42 


3.4 


0.42 


94 


0.1 


2.2 


0.12 


95 


0.038 


0.65 


0.12 


96 


0.047 


2.3 


0.75 


97 


4.5 


>20 


2.2 


98 


13.3 


>20 


8.0 


103 


0.528 


5.5 


5.5 


102 


0.186 


12.5 


0.246 


104 


0.133 


0.87 


0.036 


104 


0.009 


0.36 


0.021 


105 


>2.5 


>2.5 


0.61 


105 


0.02 


0.83 


0.053 
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Several methods for preparing the compounds of this 
invention are illustrated in the following schemes and examples. Some of 
the compounds are known in the literature but none are reported to be 
inhibitors of NO Synthase. In one method outlined in scheme 1 and 

5 illustrated in Example 2, the compounds are prepared by reacting a 
cyclic iminoether with an appropriate amine or its salt such as a 
hydrochloride, hydrobromide, sulfate, alkyl sulfonate, acetate etc at a 
temperature between 0- 1 00 ©C. The required intermediate iminoether 
substrates can be prepared by O-alkylation of the corresponding lactam 

0 by reagents such as methyl trifluoromethanesulfonate, trimethyloxonium 
fluoborate, methyl sulfate etc. Other methods for preparation of 
iminoether known in the art of organic synthesis may also be employed. 
Many of the lactam starting materials are commercially available or they 
can be obtained by literature procedures. One useful method for the 

5 preparation of substituted lactams is illustrated in example 1 . 



SCHF\fF 1 



. (R1.R2.R3) (R1.R2.R3). 
N O MeOTf N OMe 



(R)2NH.HCI 




Another method for preparing compounds of this invention 
is shown in scheme 2. In this method a thiolactam is first reacted with a 
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alkylating agent such as methyl iodide or methyl sulfate and the resulting 
iminothioether salt is reacted with an amine to furnish the desired 
amidines. The thiolactam substrates for this process are known in the 
literature or they can be prepared from the corresponding lactam by 
treatment with reagents such as P2S5 or Lawesson's reagent (2.4-bis(4- 

methoxyphenyl)-l,3-dithia-2,4-diphosphetane-2.4-disulfide) as illustrated 
in example 3. 



Alternatively, the cyclic amidine compounds may also be 
synthesized from acyclic precursors as described by Garigipati (Jet Lett 
15 21, 1969-1972 (1990) ). In this method (Scheme 3) an amino nitrite is 
converted to an aluminum amide by reaction with an alkylaluminum 
reagent such as trimethylaluminum and in situ cyclization of this 
intermediate furnishes the desired amidines. 



SCHEMF 2 




a. Mel 

b. RNH2 




(Ri,R2,R3) 



'4 
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SCHEME 3 

(R1.R2.R3) (R1.R2.R3) 

NH ^N-^NH 
R4 R4 

5 Alternatively, the cyclic amidine compounds may also be 

synthesized from substituted or unsubstituted 2-aminopyridines by the 
method of Freifelder (M. Freifelder, R. W. Mattoon, Y. H. Ng, J. Org. 
Chem,. 29, 3730-3732 (1964)) employing catalytic hydrogenation under 
acidic conditions (Scheme 4). The addition of acid during the 
10 hydrogenation is important (T. B. Grave, J. Am. Chem. Soc. 46, 1460-1470 
(1924)) 

SCHEME 4 

(Ri.Rg.Rg) (Ri,R2,R3) 
1^/4, H2. catalyst 




a 



N NH2 u-^ N'^NH 

15 " H 

Cyclic amidines may also be prepared from acyclic 
precursors as shown in scheme 5 and demonstrated in example 6. Thus, a 
Michael addition of a nitroalkane to an acrylate ester by the method of 
20 Bunce and Drumright {Org. Prod. Prep. Int. 19, 471-475 (1987)) leads to 
an ester of 4-nitrobutyric acid. Reduction of the nitro group and 
cyclization gives a lactam which is converted to an amidine by the 
procedures described in scheme 1 or 2. 
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SC HEME 5 




Many cyclic amidines claimed in this specification can have 
5 stereoisomers and such individual stereoisomers may be prepared from 
chiral lactams. Numerous methods for the synthesis of stereochemically 
pure lactams have been described in literature. One such method using 
amino acids as starting materials is described by Reetz and Rohrig 
(Angew. Chem. InL Ed. Engl 28, 1706-1709 (1989)) and is shown in 
10 scheme 6, The key feature of this procedure is the stereospecific addition 
of organometallic reagents to an unsaturated ester and the reversal of the 
stereoselectivity with an unsaturated malonate, thus allowing synthesis of 
two diastereomers from the same aldehyde intermediate. 



9614844A1J _> 
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N{CH2Ph)2 



CH2(C02Me)2 
Cnri(OiPr)3 



(CH,Ph)2N COjMe 



Me2CuU 



Me 



(CH2Ph)2N COgMe 



Me^ 



a. Acid 

b. Base 



I 

H 

(4R,5S) 



COjEt 
N(CH2Ph)2 

MesCuU 
Me 



N(CH2Ph)2 



a. H2. Pd 

b. Base 



Me 



H 

(4S,5S) 



Synthetic methodology also exists for the preparation of 
chiraUy substituted l-imino-piperidines. As shown in Scheme 7. addition 
of organocuprates to the O-fert-butyldimethylsilyl-protected (S)-(-)- 
5(hydroxymethyl).2(5H)-furanone derived from A (available from 
10 Aldrich Chemical Co.. Milwaukee, WI) will yield stereoisomer Q (S 
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Hanessian and P. J. Murray, Tetrahedron , 43, 5055-5072 (1987)). 
Deprotection of £ yields the free alcohol D which is converted to lactam E 
by described methodology (C. Herdeis and D. Waibel, Arch. Pharm. 
(Weinheim) 1991, 324, 269-274). Treatment with Meerwien's salt followed 
5 by reaction with ammonium chloride in refluxing ethanol yields chiral 2- 
imino-piperidines I and J. Other substituents and substitution patterns are 
available by analogous chemical manipulations from described 
intermediates (S. Hanessian, Aldrichimica Acta 22, 3- 1 5 ( 1 989)). 

0 SCHEME 7 




Another method for the synthesis of chiral amidines is 
shown scheme 8. This synthesis utilizes commercially available 
15 individual enantiomers of citronellic acid that allow preparation of chiral 
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2-inimopiperidines. Treatment of methyl citronellate with ozone and 
further oxidation of the intermediate gives an acid which was used in a 
Curtius reaction to furnish A uf>on reaction with benzyl alcohol. 
Hydrolysis, cyclization and removal of the Cbz group of A leads to a 
5 chiral lactam (B) and reaction of B with trimethyloxonium fluoroborate 
followed by NH4CI as detailed in scheme 1 fumishes a cyclic amidine. 
Citronellic acid is also a useful starting material for chiral 5-methyl-2- 
iminopiperidines as shown in scheme 9. In this case citronellic acid is 
first subjected to the Curtius reaction to give a protected amine (C). 
10 Cleavage of the double bond of C by ozone and further oxidation directly 
leads to D and this lactam is converted to an enantiomerically pure 
amidine in 3 steps. 



15 




A 



R-Citronellic 
acid 



a. NaOH 

b. CICOgEt, EtsN 

c. 110**C 

d. Hg. Pd(0H)2 



Me 




H 



B 
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Scheme 9 



Me 



k. CO2H 

X 



R-Citronellic 
acid 




NH 



NH 



a. (PhO)2PON3 



b. PhCH20H 



a. Hg, Pd{OH)g 



b. MsgOBF^ 

c. NH4CI 




a. 03, CH2CI2 

b. Jones 




Cbz 



10 



Citronellic acid can also be used in the synthesis of chiral 
4,5-disubstituted 2-iminopiperidines as shown in shown in scheme 10. 
This method relies on stereoselective alkylation using the oxazolidone 
chiral auxiliary developed by Evans (7. Amer. Chem. Soc. 104, 1737- 
1739 ( 1982)) and the product is then converted to E. Ozonolysis of the 
double bond of E and cyclization of the resulting aldehyde gives F. 
Treatment of F with ozone followed by further oxidation gives an amino 
acid which is cyclized to a chiral lactam (G). Usual transformation of G 
furnishes cyclic amidine. 
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Scheme 10 



Me 




a. Alkylation 

b. UAIH^ 

c. Msa 

d. Nafslj 

e. UAIH4 
i. CbzCJ 




-Cbz 



a. Oo. HOAc 



b. AC2O 



Me 



Q 

Cb2 



S-Crtronellic 
acid 



a. O3 

b. Jones 



Me 



HN" N 
H 



a. Me30BF4 

b. NH4CI 



Me 



N 
H 



G 



a. NaOH 

b. CICOgEt 

c. H2. Pd/C 



Me 



CO^Hk^Cbz 



CHO 



The invention will now be illustrated by the following non- 
limiting examples in which, unless stated otherwise: 

All operations were carried out at room or ambient 
temperature, that is, at a temperature in the range IS-ZS^C; evaporation of 
solvent was carried out using a rotary evaporator under reduced pressure 
(600-4000 pascals: 4.5-30 mm. Hg) with a bath temperature of up to 
60*C; the course of reactions was followed by thin layer chromatography 
(TLC) an: eaction times are given for illustration only; melting points 
are unconcJted and d' indicates decomposition; the melting points given 
are those obtained for the materials prepared as described; polymoiphism 
may result in isolation of materials with different melting points in some 
preparations; the structure and purity of all final products were assured by 
at least one of the following techniques: TLC, mass spectrometry, 
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nuclear magnetic resonance (NMR) spectrometry or microanalyticaJ data; 
yields are given for iUustration only; when given, NMR data is in the 
form of delta (5) values for major diagnostic protons, given in parts per 
million (ppm) relative to tetramethylsilane (TMS) as internal standard. 

5 determined at 400 MHz or 500 MHz using the indicated solvent; 
conventional abbreviations used for signal shape are: s. singlet; d. 
doublet; t. triplet; m. multiplet; br. broad; ££c.: in addition "Ar"' signifies 
an aromatic signal; chemical symbols have their usual meanings; die 
following abbreviations have also been used v (volume), w (weight), b.p 

0 (boiling point), m.p. (melting point), L (liter(s)), mL (milliliters), g 
(gram(s)). mg (milligrams(s)), mol (moles), mmol (millimoles), eq 
(equivalent(s)). 
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EXAMPLE 1 

3-Methyl-2-piperidone 

5 

Step A: 1 -( 1 .2-diphenvl-2-hvdroxv)ethvl-3- meth vlpiperidine. 

A mixture of 1.96 g (10 mmoles) of commercially available 
trans-stilbene oxide and 990 mg (10 mmoles) of 3-methyl piperidine was 
10 heated one day in refluxing ethanol. The solvent was then removed in 
vacuo to give the desired amino alcohol in quantitative yield. 

Step g: l-(1.2-diDhenvl-2-hvdroxv^ethvl-3- methvl-2-piperidone& 

1 -( 1 .2-diphenvl-2-hvdrox v^eth vI.5-methv1- 2-piperidone 

15 

A mixture of the crude amino alcohol(10 mmoles) from step 
A, 6.39 g (20 mmoles) of mercuric acetate and 7.5 g (20 mmoles) of 
ethylene diamine tetraacetic acid disodium salt in 80 mL of 1% acetic 
acid in water was heated to reflux 1.5 hrs. After cooling the reaction 

20 mixture, methylene chloride was added and the mixture was swirled 
around to dissolve all organic matter. The organic and aqueous layers 
were decanted from the shiny metallic mercury by-product. The aqueous 
layer was separated and extracted further with methylene chloride. The 
combined organic layers were washed with water and saturated sodium 

25 chloride solution. After drying over anhydrous magnesium sulfate, 

solvent was removed to give a brown crude product, which was puridfied 
on silica gel using 1:3 ethyl acetate and hexane mixture to give 639 mg of 
l-(l,2-diphenyl-2-hydroxy)ethyl-3-methyl-2-piperidone and 1.5 g of 1- 
( 1 ,2-diphenyl-2-hydroxy )ethyl-5-methyl-2-piperidone. 

30 

S^SILCi 1 -( 1 .2-diphenvl-2-oxoV,f hvl-3-meth vl- 2-DiperidQne 
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0.7 mL of 8N Jones reagent was added dropwise to an ice- 
cooled solution of 620 mg (2 mmoles) of l-(l,2-diphenyl-2- 
hydroxy)ethyl-3-methyl-2-piperidone in 10 mL of acetone. The reaction 
mixture was then stirred one hour. 1 mL of isopropyl alcohol was added 
5 and the mixture was stirred 10 minutes. The solvent was then removed in 
vacuo. The residue was stirred with water and ethyl acetate until all 
solids dissolved. The aqueous phase was separated and extracted with 
ethyl acetate. The combined ethyl acetate phases were washed with 
water and saturated sodium chloride solution. After drying over 
10 anhydrous magnesium sulfate, the solvent was removed in vacuo to 
afford the desired lactam ketone as foam in quantitative yield. 

Step t>; 3-Methvi-2-pipprir^r>n^ 

15 ^ mixture of 550 mg (1.8 mmoles) of l-(l,2-diphenyl-2- 

oxo)ethyl-3-methyl-2-piperidone and 715 mg (11 mmoles) of zinc dust in 
8 mL of glacial acetic acid was heated to reflux for 1 day. The mixture 
was cooled and filtered and the solids washed with ethyl acetate. The 
filtrate was concentrated to -5 mL. 25 mL of toluene was added and the 

20 solvents were removed in vacuo. The residue was dissolved in ethyl 

acetate and made basic with cautious addition of concentrated ammonium 
hydroxide. The initially formed precipitate dissolved upon further 
addition. After stirring 10 minutes, anhydrous magnesium sulfate was 
added in excess. After 20 minutes, the solids were filtered and washed 

25 with ethyl acetate. The filtrate was concentrated to give a residue which 
was purified on silica gel using 1:1 mixture of ethyl acetate and hexane 
first and then using 10% methanol in ethyl acetate to give 148 mg of 3- 
methyl-2-piperidone as fluffy solid. 

30 iH NMR(CDCl3): 3.3 (m, CH2N); 2.48 (m, CH2C=0); 1 .45-2.0 (m 
CH2's); 1.24 (d, CH3); 5.95 (b,NH) 

Following the above procedures, the following lactams were synthesized: 
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5-Methvl-2-piperidone! 

iH NMR(CDC13): 3.3 & 2.92 (m, CH2N); 2.35 (m, CH2C=0); 1.4-2.0 
(m, CH2's); 1.0 (d, CH3); 6.1 (b,NH) 

5 

4-Methvl-2-piperidone : 

iH NMR(CDCl3): 3.35 (m, CH2N); 2.48 & 2.8 (m, CH2C=0); 1.35-2.04 
(m. CH2*s); 1.04 (d, CH3); 6.05 (b,NH) 

10 

4-Propvl- 2-piperidone! 

iH NMR(CDCl3): 3.32 (m, CH2N); 2.5 & 1.98 (m, CH2C=0); 1.25-1.95 
(m, CH2's); 0.90 (t, CH3); 6.1 (b,NH) 

15 

5.S-Dimethvl-2- piperidr>n y 

iH NMR(CDC13): 3.01 (s, CH2N); 2.38 (t. CH2C=0); 1.60 (t, CH2): 
1.04(s,CH3's);6.1(b,NH) 

20 

3.5-Dimethv1-9-pipfp.^r^^*'• 

IH NMR(CDC13): 3.3 & 2.9 (m, CH2N); 2.52 (m. CHC=0); 1.56-2.1 
(m. CH2's); 1.0 & 1.28 (d, CH3's); 5.95(b,NH) 

4-Benzvl-2-pipftnH9nff; 

iH NMR(CDCl3): 3.3 (m, CH2N); 2.62 (m, CH2C=0); 1.35-2.48 (m, 
CH2's); 7.1-7.3 (m. Aromatic); 6.05 (b.NH) 

30 

4-Ethoxvcarhonvl-2-nipp,riHnnf»> 



4844A1_I_> 
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iH NMR(CDC13): 4.16 (q; CH2O); 3.35 (m, CH2N); 2.60 (d, 
CH2C=O);2.80 (CHCOOEt); 1.82-2.16 (m, CH2's); 1.24 (t, CH3); 6.58 
(b,NH) 
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1 .2.3.4-Tetrahvdrn- 1 -quinolnnf.: 

iH NMR(CDC13): 3.6 (t, CH2N);3.0 (t, CH2); 7.2-8.05 (m. Aromatic)- 
6.6 (b,NH) 

4-Ethoxvcarbonvl-2- piperizinoner 

iH NMR(CDCl3): 4.26 (q. CH20);4.12 (s. NCH2C=0); 3.38 & 3 66 (b 
CH2's); 1.26 (t, CH3); 6.66 (b, NH) 



EXAMPT.F 2 




15 1 - Aza-2-merhox V- 1 -cvrlnno^^p^ 

Trimethyloxonium tetrafluoroborate (750 mg; 5 mmol) was 
added in one portion to 2-azacyclononanone (700 mg; 5 mM) in 10 mL 
of anhydrous methylene chloride. The resulting mixture was stirred 

20 overnight at room temperanire. The next mominglO% Sodium 

bicarbonate solution was cautiously added to neutralize fluoroboric acid 
and the mixture was then diluted with 20 mL of ethyl acetate. The 
organic layer was separated and the aqueous layer was extracted with 
ethyl acetate. The combined organic layers were washed with 10% 

25 sodium bicarbonate solution and with brine. After drying over anhydrous 
magnesium sulfate, the organic layer was concentrated to remove the 
solvents. The residue was taken up in hexane and filtered through a small 
bed of wet silica gel in hexane. The filtrate was concentrated to give 320 
mg of die desired l-aza-2-methoxy-l-cyclononene 

30 

iH NMR: 3.52 (s, OCH3), 3.36 (m. GH2N=), 2.24 (m, N=C-CH2)- 1 3- 
1.7(m). 
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The following iminoethers were synthesized according to the above 
general procedure. In the case of low molecular weight imino ethers 
such as l-aza-2-methoxy-l-cyclopentene and its methyl analogs, l-aza-2- 
5 methoxy- 1 -cyclohexene and its methyl analogs, it was necessary to use 
low vacuum to remove the solvents in order to reduce the loss of these 
more volatile products. All 1h NMR's are reported as 6 values and were 
run m CDCI3 

10 1 - Aza-2-methox V- 1 -ry dopentp.np' 

IH NMR: 3.72 (s, OCH3), 3.58 (t, CH2N=).2.36 (t, N=C-CH2) 1 94 
(m). 

1^ l-A2a-2-methoxv-'S-pi>>fh vi-i.cvn1op p,,^^^^; 

IH NMR: 3.7 & 3.73 (2s, OCH3), 3.85 (m, CHN==), 2.38 (m. 
N=C-CH2); 2.14(m) & 1.42(m)(2H), 1.12 (d, C-CH3). 

20 ^-A2a-2-methoxv-3-mPthvi. 1 -.y .^^^^ ^ ^^ n ^. 

iH NMR: 3.68 & 3.70 (2s, OCH3). 3.38 & 3.60 (2t, CH2N=). 2 13 & 
2.58 (2m, N=C-CH), 1.40 (m), 1.16 (d, C-CH3). 

25 l-A2a-2-methQxv- 1 -tpy ylohexpfiy ; 

IH NMR: 3.55 (s, OCH3), 3.40 (m, CH2N=), 2.08 (m, N=C-CH2), 1.48 
& 1.64(m). 

30 i-A2a-2-methoxv-3-TnPf^Y| -l-cvclnh^v^n ^. 

^'^^ ™2N=), 2.25 (m, N=C-CH2). 1.34- 

1 .74(m), 1 . 1 3 (d, C-CH3). 
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1 -Aza-2-methoxy-4-methyl- 1 -cyclohexene: 

iH NMR: 3.54 (s, OCH3X 3.29 (m, CH2N=), 2.15 (m, N=C-CH2). 1.56- 
1.66 (m). 0.86 (d. C-CH3). 

1 - A2a-2-methoxv-4-propvl- 1 -c vclohexene: 

iH NMR: 3.52 (br, OCH3), 3.30 (m, CH2N=), 2.16 (m, N=C-CH2), 
1.20-1.64 (m), 0.80 (t, C-CH3). 

1 - A2a-2-methoxv-5-methvl- 1 -cvc lohexene: 

iH NMR: 3.60 (b. OCH3), 3.58 & 2.96 (2m, CH2N=), 2.20 (m, 
N=C-CH2), 1.32-1.77 (m), 0.92 (d, C-CH3). 

1 - Aza-2-methoxv-5.5-dimethvI- 1 -c vclohexene: 

iH NMR: 3.62 (b, CX:H3), 3.17 (s, CH2N=), 2.16 (t, N=C-CH2), 1.47(t, 
CH2), 0.90 (s, C-CH3). 

l-Aza-2-methoxv-3.5-dimethvl-1-c vclohexene: 

iH NMR: 3.52 (s, OCH3), 2.86 (m, CH2N=), 2.32 (m, N=C-CH2), 146- 
1 .72 (m. CH2), 0.86(s, C-CH3) 1 .09 (s, C-CH3). 



1 - Aza-2-methoxv-4-benzvl- 1 -cvclohexene: 

iH NMR: 3.61 (b. OCH3), 3.36 (m. CH2N=), l.l-2.6(m). 

30 1 - Aza-2-methox V- 1 -c vcloheptene: 

iH NMR: 3.34(s, OCH3). 3.26 (m, CH2N=), 2.23 (m, N=C-CH2). 1-37- 
1.60(m). 
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1 - Aza-2-me thox V- 1 -cvclooctene: 

iH NMR: 3.56 (b, OCH3), 3.34 (m. CH2N=), 2.24 (m, N=C-CH2), 1-3- 
1.6(m). 

5 

3.4-Dihydro-2-methoxvquinoline: 

iH NMR: 6.9-7.1 (m, aromatic H). 3.78 (s, OCH3). 2.32 (t, CH2N=). 
2.73 (t, N=C-CH2). 

10 

3.4.5.6-Tetrahvdro-4-et hoxvcarhnnvI-2-methoxv-pvrazine: 

iH NMR: 4.15 (q, 2H), 3.90 (s. 2H). 3.65 (s, OCH3), 3.42 (m. 2H). 2.50 
(m. 2H), 1.22 (t,3H). 

15 

EXAMPT.F 1 
\_j^^NH HCI 

20 

2-IminQ-l -azacvclononanft f^ vdrochloride 

A mixture of l-aza-2-methoxy-l-cyclononene (62 mg; 0.4 
mmol) and ammonium chloride (20.5 mg; 0.4 mmol) in 1 mL of 
25 anhydrous ethanol was heated to reflux for 3 hours. The solvent was then 
removed in vacuo and the residue was triturated with Et20 to give almost 
a quantitative yield of 2-iniino- 1 -azacyclononane hydrochloride as an 
amorphous solid. 

30 IH NMR(CDC13): 8.7. 9.0 & 9.6 (3 br.NH's), 3.4 (m, CH2N). 2.7 (m, 
CH2C=N), 1.5-2.0(m). 
Mass Spectrum m/e = 141 
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Note: In some cases a slight molar excess (5 - 10%) of the iminoether 
was used. The workup was effected by triturating the residual product 
with ethyl acetate or Et20. In specified cases the products were obtained 
5 as thick oils. 

The following cyclic amidines (Examples 4-42) were 
synthesized according to the above general procedure by employing an 
appropriate iminoether instead of l-aza-2-methyl-l-cyclononene and 
10 appropriate amine hydrochloride instead of ammonium chloride. All 
NMR's are reported as 5 values. 



15 



EXAMPT.F4 



NH HCI 



l-A2a-2-imino-cvclopentanft hvdrochloHHp- 

20 IH NMR(CDC13): 9.44. 9.13 & 8.77 (3br. N-H's), 2.88 (t. CH2N), 2.88 
(t,CH2C=N), 2.10(m). 
Mass Spectrum m/e = 85 (M+1). 



25 EXAMPfFS 

CH3 



a. 



N NH HCI 
H 



30 



I -Aza-2-imin0-3-methvlcvclopentan e hydrochlnr^^ y - 
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iH NMR(CDC13): 9.48, 9.1 & 8.82 (3br, N-H's), 3.6-3.2 (m. CH2N), 
2.36 (t, CHC=N), 1.80 (m), 1.42 (d, C-CH3). 
Mass Spectrum m/e = 99. (M+1). 



EXAMPLE 6 

10 1 - Aza-2-iminQ-5-met hvlcvclopentane hydrochloride: 

iH NMR(CDC13): 9,5, 9.18 & 8.78 (3br, N-H's), 4.06 (t, CHN); 3.04- 
2.92 (m, CH2C=N), 2.35 (m, CH2). 1.32 (d,CCH3). 
Mass Spectrum m/e = 99 (M+1). 



15 



20 



EXAMPLE 7 



Q^^^CH, HCI 
H 



l-Aza-2-methvlamino- 1-cvclopente ne hvdrochloriHp- (oil) 



iH NMR (CDC13): 10.1 & 10.03 (2br, N-H's), 3.66 (b, CH2N). 3.08 (d, 
N-CH3), 2.91 (t, CH2C=N). 2.12 (m). 
25 Mass Spectrum m/e = 99 (M+1). 



CX ^-CaHs HCI 
30 ^ l\ 
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1 - Aza-2-gthvlamino- 1 -cvclooentene hvdrochlnriHp- (oil) 

iH NMR (D6-DMSO): 10.13 & 9.9 (2br. N-H's), 3.7 (m, CH2N), 3.58 
5 (m, N-CH3), 2.96 (m, CH2C=N), 2.12 (m), 1.28 (t, CCH3). 
Mass Spectrum m/e =113 (M+1). 



EXAMPT.FQ 

10 




l-Aza-Z-benzvlamino- 1 -cvc lopentene hvdrochlnriflp- 

15 iH NMR (D6-DMSO): 10.16 (br,N-H's), 7.3-7.4 (m, aromatic H's). 4.54 
(s. CH2Ph), 3.56 (t, CH2N), 2.84 (t, CH2C=N). 2.06 (m). 
Mass Spectrum m/e = 175 (M+1). 



EX AMP! F in 




i-Aza-2-CVClohexvlamino-1 -ryylopentene hv drochlnridp 

25 

iH NMR (D6-DMSO): 9.8 & 9.5 (2br. N-H's), 3.55 (t, CH2N). 2.78 (t 
CH2C=N), 2.04 (m), 1 .2- 1 .88(m). 
Mass Spectrum m/e = 167 (M+1). 

30 

EXAMPLE 1 1 
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Q<^OCH3 

^ O HCI 



l-Aza-2-methoxycarbonylmethylamino- 1-cyclopentene hydrochloride: 
5 (oil) 

1h NMR (D6-DMSO): 10.0 (br, N-H's), 4.25 (s, -NCH2COOMe), 3.7 
(s, COOCH3), 3.6 (t, CH2N), 2.86 (t, CH2C=N). 2.1(m). 
Mass Spectram m/e =157 (M+1). 



10 



15 



25 



EXAMPLE 12 

— OCq^ 

HCI 

l-Aza-2-((3.4-dihvdroxvphenvnethvnamino-l-c vclopentene 
hydrochloride: 



iH NMR (D6-DMSO): 9.5 (b.N-H's), 6.46-6.76 (m, aromatic H), 3.54 (t, 
20 CH2), 3.36 (t, CH2). 2.74 (t, CH2). 2.02(m). 
Mass Spectrum m/e = 221 (M+1). 



EXAMPLE 13 



(^^,CH3 
CH3 



1- Aza-2.2-dimcthvlamino- 1 -cvclopentene hydrochloride. 



9614844A1 I _> 
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iH NMR(CDC13): 1 1.24 (b, N-H's), 3.8 (t, CH2N), 3.4 (s, N-CH3) 3 16 
(t, CH2C=N). 2.86 (t, CH2). 2.2(ni). 
Mass Spectrum m/e =113 (M+1). 

5 

EXAMPTF 14 

^^^N^NH HCI 
H 

10 

2-Iminopineridine hvdrnrhln^H^ 
Commercially available sample was used. 

15 

EXAMPT.F1S 



a 



^^^,CH3 HCI 



H 



2^ J -A^a-?-m^tt)Ylamino- T -cvrlohexenp t,Y^r^ ^r h l--r^^- (oil) 

iH NMR(D6-DMSO): 9.3 & 9.22 (2br, NH's), 3.30 (m, CH3), 2 78 (d 
CH3), 2.52 (m. CH2C=:N);1.70(m). 
Mass Spectrum m/e =113 (M+1) 

25 



EXAMPT.Flfi 
HCI 
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l-Aza-2-ethvlamino- 1 -cvclohexe ne hydrochloride: 

iH NMR (D6-DMSO): 9.3 (br, NH's), 3.28 (m, CH2N) 3.20 (m, CH2N), 
2.5 (m, CH2C=N), 1.20 (t, CH3). 
Mass Spectrum m/e = 127 (M+1). 



EXAMPLE 17 

10 

Cl j^^CHa HCI 

CH3 

l-Aza-2-dimethvlainino-1 -c vclohexene hydrochloride. 

15 IH NMR (CDCI3): 10.7 (br. NH's). 3.60 (m, CH2N). 3.40 & 3.12 (2s, 
CH3), 2.63-2.52 (m, CH2). 1. 85-1. 77 (m). 
Mass Spectrum m/e = 127 (M+1). 



20 EXAMPLE IR 

fj'^NH Ha 

2-Imino-3-methv]niDeridine hydrochloride: 

25 

iH NMR (D6-DMSO): 9.5 & 8.6 (2br.NH's). 3.25 (m, CH2N). 2.7 (m, 
CHC=N), 1.4-1.9 (m), 1.25 (d, CH3). 
Mass Spectrum m/e = 1 13.1 (M+1). 

30 
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EXAMPLR 1Q 
CH3 



N^NH HCI 
M 



;2-Iimno-4-methvlDiDeridinehvdrnrhlnqfl^- 

iH NMR (D6-DMSO): 9.5, 8.68 & 8.35 (3br, NH's), 3.24 (m, CH2N), 
2.55 & 2.15 (m, CH2C=N), 1.35-1.85 (m). 0.96 (d,CH3). 
Mass Spectrum m/e =113 (M+ 1 ). 



EXAMPT.FOn 




^-ImincM-pronvlnineridine hvHrorh^»n^^>.. 

IH NMR (D6-DMSO): 9.5 & 8.7 (2br. NH's), 3.22 (m, CH2N), 2.6-2.16 
(m, CH2C=N), 1.3-1.8(m), 0.85 (t, CH3). 
Mass Spectrum m/e =141 (M+1). 

20 



EXAMPf.F71 
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^?imno-4-hen7Vlnineridine hvrfro^^lnriH^; 

iH NMR (D6-DMSO): 9.54, 8.64 & 8.36 (3br, NH's), 7.15-7 35 (m 
5 aromatic H), 3.35 & 3.2 (m, CH2N), 2.6(m, CH2C=N), 1 .4-2.06(m). 
Mass Spectrum m/e =190 (M+1). 

EXAMPTF.O? 



10 




2-Imino-.5-methvlpip ^ ri rfj ne hvdrr>rh| ^ ri H ^; 
IH NMR (D6-DMSO): 9.5, 8.7 & 8.4 (3br, 
2.55 (m, CH2C=N), 1.3-1.8 (m), 0.92 (d, CJ 
Mass Spectrum m/e =113 (M+1). 




20 



EXAMPT.F?^ 




2-Iimno-.5 ., 5-<iimethvlnineridine hy^r^ r» ^ l^ n T^ ?; 



Mass Spectrum m/e = 127 (M+1). 




30 



EXAMPT.F04 
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CH3 

NH HCI 



2-Imino-3 .5 -dimeth yipiperidine hydrochloride : 

5 

1h NMR (D6-DMSO): 9.45, 8.7 & 8.5 (3br, NH's). 3.32 (m, CH2N), 
2.64 (m, CHC=N), 1.6-2.22(m). 
Mass Spectrum m/e =113 (M+1). 



15 1 - Aza-2-iminocvclohe ptane hvdriochloride: 

iH NMR (CDCI3): 9.5, 9.0 & 8.45 (3br,NH's), 3.4 (m, CH2N), 2.75 (m. 

CH2C=N). 1.4-1.8(in). 

Mass Spectrum m/e = 127 (M+1). 



1 - Aza-2-methvlamino- 1 -cvcloheptene hydrochloride: 

IH NMR (CDCI3): 10.0 & 9.5 (2br, NH's), 3.50 (m, CH2). 3.0 (d. CH3), 
2.8 (m, CH2C=N). 1 .6- 1 .84(m). 



EXAMPLE 25 




EXAMPLE 2(f 




-CHg HCI 
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Mass Spectrum m/e = 127 (M+1). 



EXAIVfPLF, 27 



5 



C2H5 HCI 



1 -A2a-2-ethvlamino- 1 -cvclohepte ne hvdrochlnriHp- (oil) 

10 iH NMR (CDCI3): 9.8 & 9.54 (2br, NH's). 3.52 (m, CH2), 2.85 (1 
CH2C=N), 1.70 (m), 1,3 (t, CH3). 
Mass Spectrum m/e = 141 (M+1). 



l-A2a-2-dimefhvlamino-l -cvnlnheptene hvrirnr^|r>^Hf 

20 

iH NMR (CDCI3): 3.65 (m. CH2N), 3.42 & 3.25 (2s, CH3), 2.72 

(m,CH2), 1.6-1.85(m). 

Mass Spectrum m/e =141 (M+1). 



15 



EXAMPT.F.2S 




CH3 



25 



EXAMPT.F7Q 
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l-Aza-2-hen7 Ylamino- 1 -cvcloheptene hydrochloride: 

5 1h NMR (D6-DMSO): 9.9 & 9.6 (2br, NH's), 7.4 (m, aromatic H), 4.48 
(b, CH2), 3.45 (m, CH2N), 2.76 (m, CH2C=N), 1.5-1.75 (m). 
Mass Spectrum m/e = 203 (M+1). 



10 EXAMPIF.^n 



I -Aza-2-cvclohexvlamino- 1 -rvr^ohemene h vHrn^t^^ori^? 

IH NMR (D6-DMSO): 9.2 (br, N-H's), 3.38 (m, CH2N), 2.68 (t, 

CH2C=N), 1.1-1.88 (m). 

Mass Spectrum m/e = 195 (M+1). 

20 

EXAMPT.F^l 



a 



NH HCI 



25 l-Aza-2-iininocvclnor.fane hv<1rinrhl^n(1f; 
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iH NMR (CDCI3): 9.6, 9.0 & 8.7 (3br, NH's), 3.45 (m, CH2N), 2.7 (i 

CH2C=N), 1.5-2.0(m). 

Mass Spectrum m/e =127 (M+1). 



EXAMPLE 32 
10 l-Aza-2-niethvlamin o-l-cvclooctene hydrochloride: 



15 



20 



LAk,-CH3 hci 



IH NMR (CDCI3): 10.0 & 9.34 (2br, NH's), 3.55 (m,CH2),3.05 (d, 
CH3), 2.75 (m, CH2C=N), 1.48-1.95(m). 
Mass Spectrum m/e =141 (M+1). 



EXAMPT.F 



^.CiHs HCI 



i -Aza-2-Cth Vlamino- 1 -CVClooctene hy drochloride: 



iH NMR (CDCI3): 8.2-10.0(br, NH's), 3.55 (m, CH2), 2.5-2.76 (m, 
CH2C=N), 1.26-2.05 (m), 1.3 (t, CH3). 
25 Mass Spectrum m/e = 155 (M+1 ). 



EXAMPTF^A 
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HCI 



l-A2a-2-ben7,vlamino- 1 -cvclooctene hydr ochloride: 

5 iH NMR (D6-DMSO): 9.9 & 9.3 (2br, NH's), 7.36 (m, aromatic H). 4.5 
(b, CH2), 3.5 (m, CH2N), 2.7 (m, CH2C=N), 1.3-1.75(m). 
Mass Spectrum m/e = 217 (M+ 1 ). 



10 EXAMPLE ^5 




15 



9 J^^,CH, HCI 
N H 



I -A;S4-2-niCthvlamino- 1 -cvclononftn e hydrochloride- 



IH NMR (D6-DMSO): 9.64 & 8.95 (2br, NH s), 3.5 (m, CH2), 3.05 (d, 
CH3), 2.82 (d, CH3). (2.64 (m, CH2C=N). 1.25-1.8(m). 
Mass Spectrum m/e = 155 (M+1). 



20 



EXAMPLE 36 
^^N^NHa HCI 

25 3>4-Pihvdro-2-aminoQuinoline hydror^^^^ridi.- 

IH NMR (D6-DMSO): 9.7 & 8.9 (2br, NH's). 7.1-7.3 (m. aromatic H), 
2.9 (m, CH2). 
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Mass Spectrum m/e = 147 (M+1). 



EXAMPTF^y 



CHa HCI 

H 



3 . 4-P>bvdro-^-methvlaminoQuinnlinP h y drochlnriHp- 

m ^ w^. 1 1.3 & 10.45 (2br, NH's). 7.1-7.5 (m. aromatic 

H),3.1 (d, CH3). 2.9 (CH2). 
Mass Spectrum m/e =161 (M+1). 



EXAMPT F 



oa 



j^<X^.C2Hs HCI 
H 

2.4-P^Vdro-?-erhvlaminnqinnr.|i iie hvdrnrhlori H^- 

lHNMR(D6.DMSO): 10.4 (br. NH's). 7.1-7.5 (m, aromatic H). 3.58 
(m. CH2). 2.9 (CH2). 1.25 (t, CH3). 
Mass Spectrum m/e = 175 (M+1). 

25 

EXAMPT F 



HCI 
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3.4-Dihvdro-2-benzvlaminoquinoline hy drochloride: 

iH NMR (D6-DMSO): 10.75 (br, NH's), 7.1-7.55 (m, aromatic H), 4.86 
5 (b, CH2), 3. 1 (d, CH3), 2.95 (m, CH2). 
Mass Spectrum m/e = 237 (M+1). 



EXAMPLE 40 

10 

H 

3.4-Dihv<..ro-2-cvclohexvl aminoquinoline hydrochloride: 

15 iH NMR (D6-DMSO): 10.2 (br, NH's), 7. 1-7.6 (m, aromatic H), 2.9 
(CH2), l.l-2.0(m). 
Mass Spectrum m/e = 229 (M+1). 



20 EXAMPLE 41 



^^^^^N^N-CHg HCI 
CH3 

3.4-Dihvdro-2-dimethvlaminoquinoline h ydrochloride: 

25 

iH NMR (D6-DMSO): 8.8 (br, NH's), 7.1-7.6 (m, aromatic H). 3.4 & 

3.3 (2s, CH3), 2.95(CH2). 

Mass Spectrum m/e =175 (M-»-l). 

30 



BNSOOCID: <WO 9614844A1_L> 
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15 



20 



25 
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EXAMPT.F47 

O^OCaHs 



a. 



•(;j'""NH HCI 

4-EthoxvcarbQnvl-9-jn7ino-pipera7in e hvdrochlnrifli - ; 



iH NMR (D6-DMSO): 9.1 & 8.8 (2br, NH's), 4.38 (br. CH2). 4.1 (q 
CH2). 3.56 (br, CH2), 3.35 (t, CH2), 1.2 (t. CH3). 
Mass Spectrum m/e = 172 (M+1). 



EXAMPT,F43 

H 



a? 

NH HI 

g-(S)-2-IminQ-1 -qza-hirvrlor3.3 n^orran e hvdroioHi Hy 

To a vigourously stirring solution of 2.5 g (24.7 mmol) 2- 
(S)-pyrrolidinomethanol in 20 mL of saturated sodium bicarbonate 
solution at RT was added 6.25 mL (27.2 mmol) of di-z-butyl dicarbonate 
Reaction was continued overnight at room temperature. Reaction 
mixture was diluted with water and extracted with EtOAc. EtOAc layer 
was washed with water, brine, dried, filtered and the filtrate was 
concentrated. Trituration of the white solid with hexane followed by 
filtration yielded 4.3 g of the desired compound. 

iH NMR (CDC13): 4.76 (br s. IH), 3.98 (br, IH). 3.29-3.67 (m 4H) 
2.00-2.06(m. IH), 1.78-1.84(m, 2H), 1.48 (s. 9H). 
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Step B: l-t- Butoxvcarbonvl-2-('SVformvl-pviTolidine. 

To a solution of 0.44 mL (6.2 mmol) of DMSO in 3 mL of 
5 CH2C12 at -78 was added 0.36 mL (4. 1 mmol) of Oxalyl chloride. 
After 10 min 0.402 g (2 nmiol) of l-t-butoxycarbonyl-2-(S)- 
pyiTolidinomethanoI was added and stirred for 20 min. Triethylamine 
(1.7 mL, 12.4 mmol) was added to the reaction mixture and it was 
allowed to warm to room temperature. After stirring for 15 min at room 
10 temperature, the reaction was diluted with water and extracted with 

CH2CI2. The CH2CI2 layer was washed with brine, dried and the filtrate 
was concentrated. The residue was chromatographed using 20% Et20- 
hexane to isolate 0.436 g (quantative) of the title compound mixed with a 
small amount of DMSO which was used in the next step. 

15 

Step C: l-t-Butoxvcarhonvl-2 -(SVmethoxvcarbonvlethvl-Pvrrolidine. 

To a suspension of 0.16 g (4 nrniol) of NaH in 10 mL of 
THF was added 0.73 mL (4 mmol) of methyl diethylphosphonoacetate. 

20 After 10 min a solution of 0.436 g (2 mmol) of l-t-butoxycarbonyl-2-(S)- 
formyl-pyrrolidine prepared in step B was added. After stirring for 1 h 
the reaction was quenched by adding saturated NH4C1 and extracted with 
CH2CI2. The CH2CI2 layer was washed with brine, dried, concentrated 
and the residue was purified by chromatography using 20% EtOAc- 

25 hexane to fiimish 0.383 g of oil. 

iH NMR (CDCI3): 6.82 ( dd, J= 15.5, 6 Hz, IH). 5.83 (d, J= 15.5, IH), 
4.4 (m, IH), 3.72 (s, 3H), 3.40 (m, 2H), 2.08 (m, IH), 1.86 (m, IH). 1.77 
(m. IH), 1.43 (s, 9H). 
30 13c NMR (CDCI3 in ppm): 166.87, 148.84. 120.00, 57.81, 51.53, 46.18, 
31.68, 28.35, 22.86. 

A solution of 0.383 g of this oily product in 5 mL of 
methanol and 50 mg of 10 % Pd/C was stirred under H2 atmosphere 
overnight. The next morning the catalyst was filtered through a plug of 
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celite and the filtrate was concentrated to obtain 0.368 g (72%) of the title 
compound sufficiently pure for use in the next step. 

iH NMR (CDC13): 3.78(m. IH), 3.65 (s. 3H), 3.28 (m, 2H), 2.32 (t. 
5 J=7.5Hz.2H), 1.45 (S.9H). 

Step P: 5-rSV l-Aza-bicvclof3. 3.Q)octan-2-nnft 

A solution of 0.201 g (0.78 mmol) of l-t-butoxycarbonyl-2- 
10 (S)-methoxycarbonylethyl-pyrTolidine in 3 mL of CH2CI2 at 0 "C was 
treated with 1 mL of trifluoroacetic acid. During the next 1 h as the 
solution warmed to room temperature the reaction was complete. The 
reaction was concentrated and saturated K2CO3 solution was added to 
the residue until it was basic. The mixture was heated in a 75 "C for 18 h. 
1 5 The reaction was cooled and extracted with CH2CI2 and the organic 
layer was washed with brine, dried and concentrated. The residue was 
chromatographed on a flash column using 10:45:45 mixture of 
MeOH:EtOAc:hexane to isolate 96 mg (98%) of the title compound. 

20 IH NMR (CDCI3): 3.88 (m, IH), 3.53 (m, IH), 3.03 (m. IH), 2.72 (m. 
IH), 2.31 (m. IH), 2.02-2.28 (m, 3H), 1.73 (m, IH), 1.32 (m, IH). 
I3C NMR (CDCI3 in ppm): 174.71, 62.04. 40.94, 35.35, 32.18, 27.15, 
26.97. 

25 Step E: 5-fSVl-Aza-bicv clor3.3.0^octan-2-thinne 

To a solution of 80 mg (0.64 mmol) of 5-(S)-l-aza- 
bicyclo(3.3.0)octan-2-one in 4 mL of toluene was added 0.388 g (0.96 
mmol) of Lawesson's reagent and the mixture was heated in a 90 bath. 
30 After 18 h the reaction was cooled, concentrated and the residue was 
chromatographed using 20% EtOAc-hexane to furnish 83 mg (92%) of 
the title compound. 
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iH NMR (CDCI3): 4.17 (m, IH), 3.72 (m, IH), 3.40-3.23 (m, 3H), 2.38- 
2.21 (m. 4H), 1.78 (m, IH), 1.47 (m, IH). 

13c NMR (CDCI3 in ppm): 69.68. 49.36, 44.56, 31.60, 29.36, 27.50. 

5 StepF: 5-rsS)-2-Imino-l-aza-bicvclof3.3.0'>octanR hvdroiodide 

Methyl iodide (1.5 mL) was added to 83 mg (0.59 mmol) of 
5-(S)-l-aza-bicyclo(3,3,0)octan-2-thione and the mixture was stirred 
overnight. Next morning excess methy iodide was removed in vacuo 
10 leaving a solid residue. 

iH NMR (D20): 4.66 (m, IH), 3.53 (m. IH), 3.68-3.57 (m, 4H), 2.76 (s, 
3H), 2.53-2.41 (m, 3H), 2.26 (m. IH). 2.03 (m, IH). 1.66 (m, IH). 
13c NMR (D20 in ppm): 187.28. 75.86, 45.84. 43.19. 29.53. 27.52, 
15 27.05, 15.40. 

The solid obtained from the above reaction was dissolved in 
5 mL of MeOH and the solution was saturated with NH3. After stirring 
for 18 h the reaction mixmre was concentrated leaving a white solid 
20 residue. The solid was triturated with ether and dried to isolate 0. 1 6 1 g 
(quantative) of the tide compound as a hydroiodide salt. 

iH NMR (D20): 4.31 (m, IH). 3.40 (m. 2H), 3.25 (m. IH). 3.04 (m. 
IH). 2.36-2.27 (m. 4H), 1.94 (m. IH), 1.53 (m, IH). 
25 13c NMR (D2O in ppm): 165.37, 69.08. 49.03. 42.66, 35.96. 30.38. 
27.83. 27.18. 



30 
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2-Imino- l-aza-bicvclor4.' ^.Q^nonane hvdroiodide 

Step A: l-t-butoxvcarbonvl-2-fR+S)-pipe ridinodinQmerhannl 

5 Starting from 5 gm (43.4 mmol) of 2-(R+S)- 

piperidinodinomethanol and following the procedure as in example 43, 
step A gave 7.06 gm of the title product. 

iH NMR (CDC13): 4.26 (m, IH). 3.92 (m, IH), 3.77(m, IH). 3.59 (m, 
10 IH). 2.84 (m, IH). 1.49-1.60 (m, 3H), 1.44 (s, 9H). 

13c NMR (CDCI3 in ppm): 79.72, 61.40, 52.37, 39.95, 33.88, 28.37, 
25.19, 25.11. 19.50. 

Step B; l-t-Butoxvcarbonvl.2-r R^.SVformvl-piperidine 

15 

Starting from 0.7 gm (3.2 nunol) ofl-t-butoxycarbonyl-2- 
(R+S)-piperidinodinomethanol and following the procedure as in 
example 43, step B, gave 0.675 gm of the desired compound. 

20 iH NMR (CDCI3): 9.60 (d, J=5,7 Hz. IH), 4.55 (br s,lH), 3.95 (br s, 
IH). 2.94 (br s. IH). 2.17 (m. IH), 1.67-1.28 (m, 5H), 1.48 (s, 9H). 

Stgp C; l-t-B«Toxy^arbonvl-2-fR^^SVmethoxvca^hnnvlethvl-pipprir^m^ 

25 To a suspension of 0.088 g (3.7 mmol) of NaH in 5 mL of 

THF was added 0.68 mL (4 mmol) of methyl diethylphosphonoacetate at 
-10*'C. After 10 min a solution of 0.528 g (2.47 mmol) of 1-t- 
butoxycarbonyl-2-(R+S)-fonnyl-piperidine prepared in step B was added. 
After stirring for 1 h the reaction was quenched by adding saturated 

30 NH4CI and extracted with EtOAc. The EtOAc layer was washed with 
brine, dried, concentrated and the residue was purified by 
chromatography using 5% EtOAc-hexane to furnish 0.579 g of oil. 
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iH NMR (CDCI3): 6.88 ( m, IH), 5.81 (d, J= 15.8, IH). 4.94 (m, IH), 
3.98 (m. 2H), 3.74 (s. 3H), 2.81 (m, IH), 1.81-1.60 (m. 5H), 1.45 (s, 9H). 
13c NMR (CDCI3 in ppm): 166.61, 154.94, 121.56, 79.79. 51.53, 28.89, 
28.33,25.22, 19.81. 

5 

A solution of 0.570 g of this oily product in 5 mL of 
methanol and 50 mg of Pt02 was stirred under H2 atmosphere overnight. 
The next morning the catalyst was filtered through a plug of celite and 
the filtrate was concentrated to obtain 0.548 g of the title compound 
10 sufficiently pure for use in the next step. 

iH NMR (CDCI3): 4.24(m, IH), 3.66 (s, 3H), 2.73 (m, IH), 2.31-2.25 
(m, 2H), 2.13-2.07 (m, IH), 1.69-1.50 (m. 6H 1.45 (s, 9H). 
13c NMR (CDCI3 in ppm): 174.00, 154.96, 79.20, 51.49, 49.88, 30.89, 
15 28.85, 28.37. 28.27, 25.50. 24.96, 19.01. 

Stgp P; 5-rR+.SV1-A7a-bicvclnr4 ^ m nonan-2-onft 

A solution of 0.548 g (2.02 mmol) of l-t-butoxycarbonyl-2- 
20 (R+S)-methoxycarbonylethyl-piperidine in 3 mL of CH2CI2 at 0 OC was 
treated with 1 mL of trifluoroacetic acid. During the next 1 h as the 
solution warmed to room temperature the reaction was complete. The 
reaction was concentrated and saturated K2CO3 solution was added to 
the residue until it was basic. The mixture was heated in a 75 ©C for 2 h. 
25 The reaction was cooled and extracted with CH2CI2 and the organic 
layer was washed with brine, dried and concentrated. The residue was 
chromatographed on a flash column using 10:45:45 mixture of 
MeOH:EtOAc:hexane to isolate 0.187 g (67%) of the tide compound. 

30 iH NMR (CDa3): 4.04 (m, IH). 3.34 (m. IH), 2.54 (m, IH). 2.27 (m, 
IH), 2.14 (m, IH), 1.80 (m, 2H), 1.63 (m, IH), 1.50 (m, IH). 1.36-1.23 
(m,2H), 1.09 (m, IH). 

13c NMR (CDCI3 in ppm): 173.47, 57.17, 40.1 1, 33.48, 30.20, 25.23, 
24,35, 23.58. 
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w . '^°^'°^"^°"°^90mg(0.64minol)of5-(R+S)-l-a2a 

4 mL of toluene was add^d 0 92^ 0 97 

TeMS h^eT" "'^'"^ ~ ^-^^^ - a 90 oc bath 

Alter 18 h the reaction was cooled, concentrated and the residue was 

1H>'^ rj^f " 3 (m..H,. 2.94 (m 

15 24.2iS ' """"^^ '''•^3- 33.34, 26.66. 




S ht c '"'=3'<=l<>('».3.0)noiian-2-.hione and the mixture was stimd fnr 
5hr. Excess methy iodide was .etnoved in vac«..eavi„"J:;:,^::™2„f 

Sffi'^ f"'?^; ?° 3 «-3.26 (m, 3H) 2 74(s 



30 



foTTfl h * *^ *** NH3. After stirrine 

due '^"*" ""^'^ '-ving a wlute souT' 

wuantative) of tlie nUe compound as a liydroiodide salt. 
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iH NMR (D2O): 3.84-3.78 (m, 2H), 3.07 (m, IH), 2.85 (m, 2H), 2.32(m, 
IH), 2.01 (m. IH), 1.86-1.72 (m, 4H). 1.48 (m, 2H), 1.34 (m, IH). 
13c NMR (D2O in ppm): 166.27, 63.61, 43.14, 31.94, 29.93, 25.30, 
23.30, 21.97. 

5 

EXAMPLE 45 



CH3 




NH HOAc 



10 

czj-4.6-Dimethvl- 2-iinino-piperidine. acetic acid salt. 

2-Aiiiino-4,6-dimethyl-pyridine (2.00 g, 16.4 mmol) was 
1 5 dissolved in 10.0 mL of glacial acetic acid and 0.90 g of 5% rhodium on 
alumina was added. The mixture was shaken under a hydrogen atmosphere 
at 40 psi for 16 h. After filtering the mixture through Celite and washing 
the catalyst with an additional 25 mL of acetic acid, the filtrate was 
concentrated to a weight of 4.5 g. Toluene (3x10 mL) and then ethyl 
20 acetate (20 mL) were added sequentially, with evaporation of the solvent 
under vacuum following the addition of each portion. The residue was 
dissolved in methanol and filtered through a 0.45 micron membrane. The 
filtrate was evaporated and the residue was dissolved in 20 mL of ethyl 
acetate and cooled to 0 **C. Filtration and drying under vacuum yielded 958 
25 mg (31% yield) of ciJ-4,6-dimethyl-2-imino-piperidine, acetic acid salt. 

iH-NMR (400 MHz, CD3OD) 5 3.58 (m, IH), 2.62 (ddd, IH, J = 17.5, 4.5. 
2 Hz). 2.16 (ddd, J = 17.5. 12, 1.5 Hz), 2.00-1.90 (m, 2H), 1.89 (s, 3H), 
1.27 (d. 3H, J = 6 Hz), 1.11 (q, IH, J = 12 Hz). 1.06 (d. 3H, J = 6 Hz). 
30 Mass spectrum: 127 (M+1). 
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Following the above procedures, the following 
2-iniinopiperidines (Examples 46-59) were synthesized from the 
appropriate 2-aminopyridine: 



2-Imino-4-methvl-piDeridine. acetic acid salt 

iH-NMR (400 MHz. CD3OD) 6 3.24 (ddd, IH. J = 13, 5.5, 2.5 Hz), 3.14 
(ddd, IH, J = 13, 10, 5 Hz), 2.45 (ddd, IH, J = 17.5, 5, 1.5 Hz), 2.04 (dd, J 
= 17.5. 10 Hz), 1.88-1.68 (m, 2H), 1.64 (s. 3H), 1.30 (dtd, IH. J = 13. 10, 
5.5 Hz). 0.95 (d, 3H, J = 6 Hz). 

Chemical Analysis. Calc. for C8H16N2O2: 55.79% C. 9.36% H, 16.27% 
N. Found: 55.95% C. 9.29% H. 16.33% N. 



6-EthYl-2-imino-4-methvl-piperidine. acetic acid salt 

iH-NMR (400 MHz, CD3OD) 5 3.48-3.39 (m, IH). 2.63 (ddd. IH. J = 
17.5. 4.5. 2 Hz). 2.17 (ddd, IH. J = 17.5. 12. 1.5 Hz). 2.03-1.90 (m, 2H). 
1.90 (s. 3H), 1.69 (dqd, J = 14. 7. 5 Hz), 1.56 (dq, J = 14. 7 Hz). 1.10 (q. J = 
12 Hz), 1.07 (d, 3H, J = 7 Hz). 0.98 (t. J = 7 Hz). 



EXAMPLE 46 




NH HOAc 
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EXAMPLE 4« 



5 




NH HCI 



4-IpiinQ-,'5-rr>methv1-3-azabicvclo r4.3.m nnnan>> hvdrnchlnri^ ^ 

iH NMR (400 MHz, CDCI3) 6 3.42 (dm, IH, J=13H2). 3.23 (d, IH. 
10 J=13Hz), 2.84-2.87 (m,lH), 2.62-2.49 (IH, m), 2.02-1.95 (IH, m), 
1.93-1.86 (IH, m), 1.76-1.69 (IH, m). 1.41-1.28 (2H, m), 1.249 (3H, d, 
J=7Hz), 0.95-0.86 (IH.m). 

Mass spectrum m/e =153 (M+1). 

15 



W-g-Aniin9mrThYl-4.6-dimethv1-2-iminn-pi|v>riH i ne. dihvdrorhlnriH^ 

IH NMR (400 MHz, CDCI3) 6 3.95-3-88 (m, IH), 3.05(t, 2H. J=5Hz), 
2.73 (dd, IH, J=17Hz, J=5.5Hz). 3.05 (t, 2H J=4.5 Hz), 2.73 (dd, IH, 
25 J=18Hz. J=5.5Hz). 2.37 (dd, IH, J=18Hz, J=9.5Hz). 2.4-2.3 (m, IH) 
2.25-2.20 (m. IH.). 1.37 (d. 3H. J=7.1Hz), 1.15 (d, 3H. J=6.7Hz). 

Mass spectrum m/e = 156 (M+1). 



EXAMPT.F.4Q 




2 HCI 
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EXAMPT.F 50 



CH3 

^fj^NH HCI 

5 

W-3-Ethvl-2-imino-4-methvl-piDeridine hv drochlnriHft 

iH NMR (500 MHz. CD3OD) 8 3.44 (m. 1 H). 3.38 (m. 1 H), 2.48 (dd, 
J = 4 Hz. I H), 2.16 (m. J = 10 & 4 Hz. 1 H). 1.83 (m, 1 H). 1.74 (m. 2 
10 H), 1.67 (m, 1 H). 1.06 (t, J = 8 Hz, 3 H). 1.05 (d, J = 7 Hz, 3 H). 

Mass spectrum m/e =141 



^5 EXAMPT.FS1 

CH3 

^N^NH HCI 

w-2-IminQ-4-mfthv1-3-n-propvl-niDeridin^ hy^ r^^t^i^ ri ^ ^ 

IH NMR (500 MHz. CD3OD) 5 3.44 (m. 1 H), 3.38 (m, 1 H), 2.55 (dd. 
J = 5 Hz. 1 H). 2.15 (m. J = 10 & 4 Hz. 1 H). 1.83 (m. 1 H, H5), 1.76 
(m, 1 H). 1.59 (m, 2 H). 1.45 (m, 2 H), 1.05 (d, J = 7 Hz. 3 H), 0 99 (t 
J = 7 Hz. 3 H). / V , 

Mass spectrum m/e =155 



20 



25 



EX AMP! F so 
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HO2C 



NH HOAc 



H 



CfVfrqn5-2-Imino-4-methvl-piperidine-5-carfaoxvlic acid, ace tic acid salt. 

5 

1h NMR (400 MHz, CD3OD) 6 1.04 (d, 1.5H), 1.08 (d, 1.5H). 
Mass spectrum m/e =156 (M). 



IS Cfj/irra/t.y-2-Imino-4-niethvl-piperidine-5-carbox vlic acid, methvl ester. 
acetic acid salt. 

iH NMR (400 MHz, CD3OD) 5 1.05 (d, 1.5H), 1.09 (d, 1.5H), 3.74 (d, 
3H). 

20 

Mass spectrum m/e = 171 (M+1). 



10 



EXAMPLE 53 




NH HOAc 



EXAMPLE 54 



25 




NH HOAc 



.9614844A1 
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W/rrq^^-.^-Acetamidomefhvl-2-imino- 4 -methvl-pip p ridine. acprir ^riH calf 
iH NMR (400 MHz, CD3OD) 5 1.02 (d, 1.5H). 1.10 (d, 1.5H). 



5 

Mass spectrum m/e = 184 (M+I). 



EXAMPLF. 5S 

10 

f^^NH HOAc 

2-Iimno-5-n-propvloxv-pipprirfine. acetic a^iH gpf^ 
15 iH NMR (400 MHz. CD3OD) 5 0.95 (t, 3H), 1.59 (m, 2H). 
Mass spectrum m/e =157 (M+1). 

20 EXAMPT.RSfi 

CH3 



CHa^H, 

y ^NH HOAc 



<^^.y/i^g^^.'>-Apgtaniido-2-imino-4-fne,th v l-pineriHinP acetic acid salt 

IH NMR (400 MHz. CD3OD) 5 1.00 (d. 1.5H). 1.05 (d. 1.5H). 1.97 (d, 
3H). 

Mass spectrum m/e =170 (M+1) 

30 
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NH HOAc 



5 

5-Cvclohexvl-7.-iniino-piperidine. acetic acid salt. 
iH NMR (400 MHz, CD3OD) 5 1.00-1.85 (br m, IIH). 
10 Mass spectram m/e = 181 (M+1). 

EXAMPT.F5« 



15 




NH HOAc 



f yyrr<?ff.y-5-CvcloheyM-2-imino-4-niethvl-pippri dine. acetic arid iialt 
iH NMR (400 MHz. CD3OD) 6 0.90 (d. 1.5H). 1.05 (d, 1.5H). 

20 

Mass spectrum m/e =195 (M+1). 

EXAMPLF 5Q 

25 
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2-Imino-5-trifluoro-pipe ridine..acetic acid salt 

iH NMR (400MH2, CD3OD) 5 1.83-1.97 (br m, IH), 2.14-2.20 (br m, 
IH). 2.74-2.80 (br m, 2H), 2.86-3.00 (br m, IH), 3.337-3.44 (m, IH), 3.62- 
5 3.68 (q, IH). 

Mass spectrum m/e =167 (M+1). 
10 EXAMPLE 60 



15 



CH3 



CgHs^M-^NH HCI 



2-Inuno-5-ethvl-4-methvlDvrro]idine hydrochloride 
SISSlAI Methvl 3-methvl-4-nitrohexan5^at? 



A solution of 4 g (40 mmol) of methyl crotonate and 
4.72 g (53 mmol) of l-nitropropane in 20 mL of acetonitrile was treated 

20 with 6 mL (40 mmol) of 1 .8-diazobicyclo[5.4.0]undec-7-ene (DBU). 
After stirring for 22 h at room temperature the reaction mixture was 
diluted with water and acidified with 2 N HCI. The solution was 
extracted with Et20 and the Et20 layer was washed with brine, dried and 
concentrated. The residue was chromatographed on a flash column using 

25 10 % Et20-Hexane to isolate 6.41 g (85%) of die tide compound. 

1h NMR (CDCI3, since stereoisomers were present multiple peaks were 
observed and ppm ranges are given): 4.44 & 4.38 (2m, IH), 3.70 & 3.69 
(2s, 3H). 2.65-1.7 (m, 5H), 1.06 & 1.01 (2d. 3H, J=7 Hz), 0.97 (t, 3H, J=7 
30 Hz). 

SSSSLSL 5-Ethvl-4-methv1-2-pvrrnlir<^r^» 
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A solution of 4.0 g (21 mmol) of methyl 3-methyl-4- 
nitrohexanoate (from step A) in 20 mL of EtOH containing 0.4 g of Pt02 
was hydrogenated on a Parr apparatus for 3 days. The catalyst was 
filtered and washed with EtOH and the filtrate was concentrated. 
Vacuum distillation of the residue furnished 1.6 g (61%) of the title 
compound: bp 102-107 oC/2 mm. 

1H NMR (CDCI3, since stereoisomers were present multiple peaks were 
observed and ppm ranges are given): 6.9 (br s, IH), 3.50 «& 3.1 1 (2 m, 1 
H), 2.65-1.3 (m, 5H), 1.14 & 1.04 (2d, 3H. J=7 Hz). 0.96 (t. 3H, J=7 Hz). 

Stgp C: 1 -aza-5-eth vl-2-methnic v-4-meth vl- 1 -c vclopentenft 

1 ^ To a solution of 0.254 g (2 mmol) of 5-ethyl-4- 

methyl-2-pyrroUdone (from step B) in 3 mL of CH2CI2 was added 0.355 
g (2.4 mmol) of trimethyloxonium tetrafluoroborate under a N2 
atmosphere. After stirring overnight the reaction mixtme was quenched 
witii saturated K2CO3 solution and diluted with Et20. The solution was 

20 filtered and the filtrate was concentrated. The residue was purified by 
flash chromatography using Et20-hexane to isolate 0.224 g (79%) of die 
tide compound. 

1H NMR (CDCI3, since stereoisomers were present multiple peaks were 
25 observed and ppm ranges are given): 3.8 (s, 3H), 3.6-3.4 (m, 1 H), 2 7- 
0.8 (m, lOH). 

SlSE-Dl 2-?PMno-5-ethvl-4-methvlnvrro]idinP hvHrnr^^^r^^y 

A mixture of 0.1 g (0.71 mmol) in 3 mL of EtOH 
containing 0.03 g (0.56 mmol) of NH4CI was heated to reflux. After 4 h 
the solution was cooled and concentrated and the residue was suspended 
in EtOAc. The precipateted solid was filtered washed with EtOAc and 
dried to furnish 0.072 g (79%) of the tide compound. 
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1H NMR (D2O, since stereoisomers were present multiple peaks were 
observed and ppm ranges are given): 3.82 & 3.50 (2 q, IH), 3.1-2.45 (m, 
2 H), 2.31 & 1.64 (2 m, IH), 1.6-1.45 (m, 2H), 1.11 & 1.0 (2 d, 3H. J=7 ' 
5 Hz), 0.92 (t. 3H, J=7 Hz). 

Mass spectrum m/e =127 (M+1) 

The foUowing 2-imino-pyrTolidines (Examples 61-78) were prepared by 
1 0 the method of Example 60 by substituting appropriate nitroalkane and 
acrylate esters. 



15 



CH3 

^^^NH HCI 

2-IminQ-4-merhv1nvrroiidinp hvHr^hl?ri:1r 

20 iH NMR (D20): 3.73 (t, IH). 3.22 (dd, IH). 2.97 (dd. IH). 2.65 (m, 
IH). 2.47(dd, IH), 1.08(d. 3H). 



Mass spectrum m/e = 99 (M+1) 



25 



EXAMPrF.fi? 

C2H5 

^^^NH HCI 

30 2-Imino-4-ethvlpvrrnHdir^f ^IvdrochlnriH^ 
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iH NMR (D2O): 3.75 (dd, IH), 3.31 (dd, IH), 2.98 (q, IH), 2.54 (m, 
2H), 1.49 (m, 2H). 0.89 (t, 3H). 

5 Mass spectrum m/e = 1 13 (M+1) 



EXAMPLE 63 
CH3 

CHa-'^Yj^NH HCI 
10 H 



2-Iniino-4.5-dimethvlpviToli dine hydrochloride 

1H NMR (D2O, since stereoisomers were present multiple peaks were 
15 observed and ppm ranges are given): 4.05 & 3.69 (2 m, IH), 2.99 & 2.94 
(2 dd, 1 H), 2.66 & 2.17 (2m, IH), 2.54 & 2.51 (2t, IH), 1.25, 1.13, 1.1 & 
0.99 (4d, '6H). 

Mass spectrum m/e =113 (M+1) 

20 



EXAMPLE 64 




25 

2-Imino4-methvl-5-prop vlpvrrolidine hydrochloride 

1H NMR (D2O, since stereoisomers were present multiple peaks were 
observed and ppm ranges are given): 3.69 & 3.30 (2 q, IH), 1.95- 2.6 (m, 
30 3 H), 1 .2- 1 .6 ( m, 4H). 1 .08 & 0.96 (2 d, 3H), 0.90 (t, 3H). 



BNSDCX;iD; <WO 9614844A1J_> 



wo i>6/14844 PCT/US95/1 48 12 



103 



Mass spectrum m/e = 142 (M+1) 



EXAMPLE 65 




CHa^N^NH HCI 
H 



2-Imino-5-methvl-4-propvlpYT Tolidine hydrochloride 

10 



Mass spectrum m/e = 141 (M+1) 



EXAMPLE 66 

15 




C2H5^Jj^NH HCI 

2-Imino-5-ethvl-4-nroDvlpvTTnliH inehvdrochlnriHft 
20 Mass spectrum m/e = 1 55 (M+ 1 ) 

EXAMPLE 67 
CHa 

25 CaHs^jj-^NH HCI 

2-Imino-5-ethvl-3-methvlpvrrnliH |nehvdrnrh1nriHi> 
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Mass spectrum m/e =127 (M+1) 

EXAMPLE 6R 

5 

CH3./~A 

2-Iniino-5.5-diTnethvlpvrrn |idine hvdrochlnr^ Hft 
10 iH NMR (D20): 2.91 (t, 2H), 2.04 (t, 2H). 1.33 (s, 6H). 
Mass spectrum m/e =113 (M+1) 

15 EXAMPT F M 

CHa 



CH3, 



2-Imino-3.5.5-trimethvlpvtTnTidine hyrfrorh^^n^^ 

20 



Mass spectrum m/e = 127 (M+1) 



EXAMPT F 70 

25 

C2H5 

CH3--^^^NH HCI 
2-IminP-4-ethvl-5-mftthv1pvrrn1irf^ pehvdrnrh1nri ^^ 
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10 



15 



IH NMR (D2O, since stereoisomers were present multiple peaks were 
observed and ppm ranges are given): 4.08 & 3.71 (2 m, IH), 3.1-2.4 (m, 
3 H), 1.6-1.2 (m, 2H), 1.26 & 1.11 (2 d, 3H), 0.90 (t, 3H). 

Mass spectrum m/e =127 (M+1) 



•^j^-^NH HCI 
2-Imino-4-propvlDvrrolidine hvdrnchlnridp 

iH NMR (D2O): 3.74 (dd, IH), 3.30 (dd, I H). 2.97 (dd, IH), 2.6 (m, 
2H). 1.45 (q,2H). 1.31 (m, 2H), 0.88 (t, 3H). 

Mass spectrum m/e = 127 (M+1) 



2-Imino-4-(2-methvl-ethvnpvrro1idinP. hydrochloride 

iH NMR (D2O): 3.72 (t, IH), 3.37 (dd, 1 H), 2.91 (dd. IH), 2.63 (dd, 
IH), 2.39 (m, IH), 1.66 (m, IH), 0.88 (2d, 6H). 

Mass spectrum m/e =127 (M+1) 



EXAMPLE 71 




EXAMPLE 7? 




NH HCI 
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EXAMPLF 7^ 



10 




NH HCI 



2-Imino-4-nhenvlpvfTn1idine hvdrnchlnn^^ 

iH NMR (D20): 7.4 (m, 2H), 7.32 (m, 3H). 4.02 (dd, IH), 3.82 (m, IH), 
3.62 (m, IH), 3.25 (dd, IH), 2.97 (dd, IH). 

Mass spectnim mJe =s 161 (M+1) 



15 EXAMPT.F74 

CHa CH3 

^pj^NH HCI 



20 



2-ImnO-3.4-dimethvlpvrm1idinP hvdrochlnriHp 

1H NMR (D2O, since stereoisomers were present multiple peaks were 
observed): 3.74 & 3.68 (2 dd, IH), 3.25 & 3.19 (2 dd, 1 H), 3.12 & 2.23 
(2 m. IH), 2.68 (m, IH), 1.27 & 1.17 (2 d. 3H, ), 1.12 & 1.0 (2 d, 3H). 

25 Mass spectrum m/e =113 (M+ 1 ) 



EXAMPrR7S 
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C2H5 CH3 



NH HCI 



2-Imino-4-ethvl-3-methylpyrrolidine hydrochloride 

5 1h NMR (D2O, since stereoisomers were present multiple peaks were 
observed and ppm ranges are given): 3.77 & 3.67 (2 t, IH), 3.32 & 3.26 
(2t, 1 H), 1.6-3.1(m, 2H), 1.51 & 1.40 (2m, 2H). 1.29 & 1.17 (2 d, 3H, ), 
0.90 (m, 3H). 

10 Mass spectrum m/e =127 (M+1) 



EXAMPLE 76 



15 




2-Imino-5-me thvl-4-propvlpvrrolidine hydrochloride 

1H NMR (D2O, since stereoisomers were present multiple peaks were 
20 observed and ppm ranges are given): 3.82 & 3.50 (2 q, IH), 2.45- 3. 1 (m, 
2 H), 2.31 & 1.64 (2 m. IH), 1.45-1.6 (m, 2H), 1.1 1 & 1.0 (2 d, 3H, J=7 
Hz). 0.92 (t, 3H, J=7 Hz). 

Mass spectrum m/e =127 (M+1) 

25 



EXAMPLE 77 
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N NH HC\ 
H 



2-Imino-^-a7ahirYclor4.:^ mn onane hvdrnrh| nri^P 

5 iH NMR (D20): 3.56 (dd, IH). 3.32 (dd. 1 H), 3.02 (q. IH), 2.56 (q, 
IH). 1.2-2.0 (m,8H). 



Mass spectrum m/e = 139 (M+1) 



10 



EXAMPT.F.7R 



NH HCI 



IH NMR (D20): 3.82 (dd. IH). 3.48 (dt, 1 H). 3.32 (dd. IH), 2.98 (m. 
IH). 1.4-2.1(m,6H). 

20 Mass spectnim m/e =125 (M+1) 

The compounds of examples 79 and 80 were synthesized 
from the commercially avaUable pyrrolidone intermediates by the 
procedure outlined in step C and D in example 60 

25 



EXAMPT.F7Q 
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CH3 

J«j'^NH HCI 

2-Imino-3-methvlp yrrolidine hydrochloride 

5 iH NMR (D2O): 9.48 (s, IH), 9.1 (s, IH), 8.82 (s, IH), 3.6 (m, IH), 
3.28 (m, IH), 2.37 (m, IH), 1.78 (m, IH), 1.40 (d, 3H). 



10 



20 



EXAMPLE 80 



CHg-^^^^NH HCI 



2-Imino-5-methvlDviTo1idinp hydrochloride 

15 iH NMR (D2O): 9.49 (s, IH), 9.18 (s, IH), 8.79 (s, IH), 4.05 (m, IH), 
3.02 (m, IH). 2.92 (m, IH), 2.33 (m. IH), 1.73 (m, IH). 1.32 (d, 3H). 



EXA\4PT.FR1 

V N NH HCI 

O ^ 

2- I mmO-5-(S)-acctvloxvmethylpvrroliH ine hydrochlnriHe 

25 The commercially available (S) 5-(hydroxymethyl)-2-pyrrolidone was 
acylated with acetic anhydride and the product was subjected to the 
procedure of Example 60, steps C and D to isolate the title compound. 
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iH NMR (D20): 4.28 (m, 2H), 4.07 (m, 1 H), 2.92 (m. 2H), 2.37 (m, 
IH), 2.11 (s, 3HX 2.0 (m, IH). 



EXAMPLE «2 




2-Imino-5-rRVace.tvlQxvmethvlDviTo]idin e hydrochloride 

10 

The title compound was prepared by the procedure of example 81 starting 
from (R) 5-(hydroxymethyl)-2-pyrrolidone. 

IH NMR CD20): 4.3(m, 2H), 4.09 (q. 1 H). 2.92 (m, 2H), 2.39 (m, IH). 
15 2.10 (s,3H), 2.0 (m, IH). 

Mass spectrum m/e =157 (M+1) 



EXAMPLE R3 

"°--^^NH HCI 
2-JniinC>-5-(S)-hvdroxvmethvlDvrrnli dine hvdmchlnrj^ ip 

25 

A solution of 15 mg (0.078 mmol) of 2-imino-5-(S)- 
acetyloxymethylpyirolidine hydrochloride prepared in example 81 in 3 
mL of methanol was saturated with NH3 and the solution was stirred for 
3 h. The reaction mixture was concentrated and the residual solid was 
30 suspended in Et20-EtOAc, filtered and washed with Et20 and dried to 
isolate 6 mg of the title compound. 
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iH NMR (D20): 4.10 (m, IH), 3.70 (m, 1 H), 3.57 (m, IH), 2.87 (m. 
2H), 2.29 (m,lH), 1.97 (m, IH). 

5 Mass spectrum m/e = 1 15 (M+1) 



EXAMPLE S4 

"^^-^^V^NH HCI 

10 H 

2-Imino-5-(T^>-hvdroxvmeth vlpvrrolidine hydrochloride 

The title compound was obtained from 2-imino-5-(R)- 
15 acetyloxymethylpyrrolidine hydrochloride (example ) by the method 
described in example 83. 



20 



25 



iH NMR (D20): 4.12 (m, IH). 3.72 (dd, 1 H), 3.57 (dd. IH). 2.88 (m. 
2H), 2.3 (m. IH), 1.96 (m, IH). 

Mass spectrum m/e =115 (M+1) 



EXAMPLE 85 

CHg 



CaHs 



rS 



pj'^NH HOAc 

g-EthYl-2-imino-4-methv]-nineridine. aceti c acid salt 
30 Step A: 5-Nitro-4-methvl-2-triniethvl a cetvlaminopvridine 
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To a mixture of 5-nitro-4-methyl-2-aminopyridine (1.0 g, 
6.53 mmol) in 15 mL of methylene chloride was added iriethylamine 
(1.14 mL, 8. 16 mmol) and cooled to 0 "C. To this was added dropwise a 
5 solution of trimethylacetyl chloride (0.89 mL, 7. 1 8 mmol) and the 
mixture allowed to warm to room temperature and stirred 72 h. The 
solution was diluted with 100 mL of methylene chloride, washed with 
saturated sodium bicarbonate, water, brine, dried (Na2S04), and 
evaporated to an amber oil. This was subjected to flash silica gel 
10 chromatography using 10% ethyl acetate/hexane as eluant to yield the 
title compound. 

iH NMR (400 MHz, CDCI3): 6 1.34 (s,9H); 2.65 (s,3H); 8.18 (b,lH)- 
8.29 (s,lH); 8.94 (s,lH) 



15 



Stgp B; .5-Amino-4-methvI-2-triniethvla o etvlaminnpvriHif i ^ 



A solution of 5-nitro-4-methyl-2- 
trimethylacetylaminopyridine (4.5 g, 18.97 mmol) in 50 mL of acetic 
20 acid containing 10% palladium/carbon was hydrogenated at atmospheric 
pressure for 48 h. The catalyst was removed by filtration and the filtrate 
was concentrated. The residue was coevaporated with toluene to give the 
title compound. 

25 iH NMR (400MH2. CDCI3): 5 1.29 (s.9H); 2.19 (s,3H); 7.60 (s.lH)- 
8.04 (s,lH); 8.50 (b,lH) 

Step C: 5-Todo-4-TT)nhyl-2-trimethv1acetvlaminnpy^ H ^n - 

^0 A mixture of 5-amino-4-methyl-2- 

trimethylacetylaminopyridine (1.0 g, 4.82 mmol) in 34 mL of 
diiodomethane containing isoamyl nitrite (4.0 mL, 29.77 mmol) was 
heated at 85 «C for 0.5 h, cooled to room temperature and evaporated at 
60 under high vacuum to give a red semi-solid. The crude material 
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was subjected to flash chromatography using 10% ether / hexane as 
eluant to give the title compound. 

iH NMR (400 MHz, CDCI3): 6 1.30 (s,9H); 2.40 (s,3H); 7.90 (b,lH); 
5 8.22 (s,lH); 8.45 (s.lH) 

Step D: -5-Hthvnvl-4-met hvl-2-trimethvlacetvlaminopvridine 

To a mixture of 5-iodo-4-methyl-2- 
10 trimethylacetylaminopyridine (176 mg, 0.55 mmol) in tetrahydrofuran 
(0.60 ml), triethyamine (3.32 ml), 

bis(triphenylphosphine)palladium(II)chloride (4 mg), copper (I) iodide 
(1.1 mg) and (trimethylsilyl)acetylene (117 ul, 0.83 mmol) were added. 
The mixture was stirred at room temperature for 3 h. The mixture was 

15 diluted with chloroform (50 mL) , dried (Na2S04), and evaporated to 
give a tan solid. The crude solid was dissolved in methanol (5 mL), 
treated with IN potassium hydroxide (0.61 mL) and stirred at room 
temperature 18 h. The mixmre was evaporated to dryness, taken up in 
chloroform (50 mL), dried (Na2S04), and evaporated to give a solid. The 

20 product was purified by flash chromatography using 10% ethyl acetate / 
hexane to yield the title compound. 

iH NMR (400MH2, CD3OD): 5 1.30 (s,9H); 2.45 (s,3H); 3.85 (s.lH); 
8.02 (S.1H); 8.30 (s.lH) 

Mass spectrum m/e = 217 (M+1). 

Step E: 5-Ethvl-4-methvl-2-triniet hvlacetvlaniinopvriHinP 

30 A solution of 5-ethynyl-4-methyl-2- 

trimethylacetylaminopyridine (115 mg, 0.53 mmol) in ethyl acetate (2 
mL) containing 10% palladium / carbon (20 mg) was hydrogenated at 
atmospheric pressure for 15 minutes. The catalyst was removed by 
filtration through a Millex-HV 0.45 um Filter Unit and the filtrate was 
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concentrated. Purification was achieved by flash chromatography using 
10% ethyl acetate / hexane to give the tide compound. 

iH NMR (400MHz. CD3OD): 5 1.20 (t,3H); 1.30 (s.9H); 2.34 (s,3H); 
2.65 (q,2H); 7.84 (s,lH); 8.02 (s,lH) 

Mass spectrum: m/e = 221 (M+1). 

Step F: 5-Fthvl-4-methy l-2-aminopvriHin^ 



20 



A solution of 5-ethyl-4-methyl-2- 
trimethylacetylaminopyridine (192 mg, 0.87 mmol) in 2N hydrochloric 
acid (3 mL) was refluxed at 100° for 18 h. The mixture was diluted with 
water (10 mL) and washed with ether. The aqueous layer was made basic 
1 5 with 10% sodium carbonate and extracted with ethyl acetate The EtOAc 
layer was dried (Na2S04) and evaporated to give the title compound. 

IH NMR (400 MHz, CD3OD): 5 1.14 (t,3H); 2.20 (s,3H); 2.50 (q,2H)- 
6.42 (s,lH); 7.60 (s,3H) 

Mass spectrum: m/e = 136 (M+). 

Stgp Q; 5-F>thvl-?-imino-4-mftfhvl -pineriHin^ ^r^tic acid s^ ^ ^ 

A solution of 5-ethyl-4-methyl-2-aminopyridine (42 mg 
0.31nmiol) in acetic acid (1 mL) containing platinum oxide (25 mg) was 
hydrogenated at 40 psi for 6 h. The catalyst was removed by filtration 
through a Millex-HV 0.45um Filter Unit and the filtrate was evaporated 
to give the title compound. 

IH NMR (400MHz, CD3OD): 6 0.97 (m,6H); 1.35-3.50 (m.5H); 2.63- 
3.50 (m,3H) 

Mass spectrum m/e = 141 (M+1). 



25 



30 
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EXAMPLE 86 




HOAc 



2-Imino-4-methvl-5-('l-pentyi')-piperidine. acetic acid salt 

Step A: S-f l-Pentvnvn-4-methvl-2-trimethvlacet vlaminopvridine 

10 

The above compound was prepared in a similar fashion as 
Example 85, Step D, but substituting 1-pentyne in place of 
(trimethylsilyl)acetylene to yield the title compound. 

15 1h NMR (400 MHz. CD3OD): 6 1.08 (t,3H); 1.30 (s.9H); 1.65 (q.2H); 
2.40 (s,3H); 2.45 (t,2H); 7.98 (s.lH); 8.20 (s,lH) 

Step B: 5-f l-Pe ntvlV4>methv l-2-trimethvlacetvlaminopvridine 

20 A solution of 5-(l -pentynyl)-4-methy 1-2- 

trimethylacetylaminopyridine (225 mg, 0.87 mmol) in ethyl acetate (4.5 
ml) containing platinum oxide (45 mg) was hydrogenated at atmospheric 
pressure for 1.5 h. The catalyst was removed by filtration through a 
Millex-HV 0.45um Filter Unit. Evap)oration of the filtrate gave the title 

25 compound. 

1h NMR (400 MHz, CD3OD): 60.95 (t,3H); 1.33(s,9H); 1.40 (m,4H); 
1.60 (m,2H); 2.35 (s,3H); 2.63 (m,2H); 7.84 (s,lH); 8.00 (s,lH) 

30 Mass spectrum m/e = 263 (M+1). 

Step C: S-(l -Pentvn-4-methvl-2-aminopvridine 



BNSDOCID: <WO 9614844A1J_> 



wo 96/14844 



PCT/US95/14812 



- 116- 



A suspension of 5-(l-pentyI)-4-methyl- 
2-trimethylacetyIamino-pyridine (233 rag, 0.89 mmol) in 2N 
hydrochloric acid (3 niL) was heated at 100 °C for 18 h. The solution was 
:5 cooled to room temperature, made basic with 20% aqueous sodium 
carbonate and extracted with chloroform. The organic layer was dried 
(Ma2504). and evaporated. The product was purified by flash 

chromatography using 2% methanol / methylene chloride to give the title 
compound. & 

^^oTfiT.'f ^ 1-50 (m,2H); 

2.20 (s,3H); 2.45 (m.2H); 6.40 (s.lH); 7.58 (s,lH) 

Mass spectrum m/e =179 (M+1) 

Fv. 1 o< ^^^''^ compound was prepared in a similar fashion as 
Example 85. Step G. but substituting 5-(l-pentyI)^-methyI.2- 
uTc^^^tr '^"^ ^-^^^-^--thyl-2-aminopyridine to yield the 

IH NMR (400MHz, CD3OD): 5 0.93 (m.6H); 1.50-1.76 (m,4H); 2 10- 
_ 2^43 (m.4H); 2.65-2.80 (m.2H); 2.95-3.15 (m.2H); 3.35-3.50 (m,2H) 
25 Mass spectrum: m/e = 183 (M+1). J 

EXAVfPT F ^7 
CH3 

30 ^^NH HCI 

^(R)-Mcthvl-?-iminnpinerirf.p^ hy drochlnrj ^^ 
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Step A: Me thvl CRVcitronell^ ^ft 

Diazomethane in ether was cautiously added to a solution of 
5 (R)-citronemc acid (17.2 g, 0. 1 M) in ether at Qo C until yellow color 
persisted. After the addition was complete, the reaction mixture was 
stirred 30 mihs and the solvent was removed in vacuo to give the 
quantitative yield of the desired methyl ester as a colorless oil. 

10 iH NMR (CDC13): 0.92(d,3H); 1.2(m,lH); 1.32(m,lH); 1.58(s.3H); 
1.65(s,3H); 1.95(m.2H); 2.1(q,lH); 2.4(q,lH); 3.64(s,3H); 5.06(t,lH) 

Step B: Mcthvl 3rRVmethvl-5-hv droxvcarbQnvlpentanoate 

A stream of 4% ozone in oxygen was passed through a 
solution of methyl (R)-citronellate (7 g, 39 nmiol) in 140 mL of glacial 
acetic acid at room temperature for 45 mins. 14 mL of 30% hydrogen 
peroxide was then added and the reaction mixture was heated to reflux 2 
hrs. Solvent was removed in vacuo to afford 6.5 g of the desired acid as a 
20 colorless oil. 

1HNMR(CDC13): 0.94(d,3H); 1.52(m.lH); 1.69(m,lH); 1.98(m,lH); 
2.15(q,lH); 2.3(q,lH); 2.36(m,2H) 

25 Stgp C; MgthY l 3fR)-niCthvl-5-benzvloxvcarfaonvlami n o pentanoate 

Diphenyl phosphoryl azide (5.3 mL, 24.53 nrniol) was added 
to a mixture of methyl 3(R)-methyl-5-hydroxycarbonyl pentanoate (3.88 
g, 22.3 mmol) and triethylamine (3.45 mL, 24.53 mmol) in 22 mL of p- 
30 xylene. The mixture was then stirred 1 hr at 80© C. 4.5 mL (45 mmol) of 
benzyl alcohol was then added and the mixture was heated at reflux for 4 
hr. The reaction miture was cooled, diluted with ethyl acetate and 
washed with water, and sodium chloride and dried over ahydrous 
magnesium sulfate. Solvent removal gave a crude product, which was 
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purified on silica gel using 10% ethyl acetate in hexane as solvent to 
afford 3.9 g of the desired carbamate as an oil. 

iH NMR (CDC13): 0.95(d3H); 1.4(m.lH); 1.62(m,lH); 2.02(m,lH); 
5 2.18(qaH); 2.3(q,lH); 3.22(m,2H); 3.65(s.3H); 5.07(s.2H); 7.3(m,5H) 

Step D: 3(R)-Methvl-5-benzvloxvc arbonvlamino pentannir arid 

A 2N sodium hydroxide (7.5 ml, 15 mmol) solution was 

1 0 added to 3 .9 g ( 1 4 mmol) of methyl 3R-methyl-5- 

benzyloxycarbonylamino pentanoate in 70 mL of 2: 1 mixture of 
methanolrwater. This mixture was then heated 1 hr at 60° C and 7.5 mL 
of 2N hydrochloric acid was added after cooling. Most of the volatiles 
were removed in vacuo. The remaining mixmre was extracted with ethyl 

15 acetate. The combined ethyl acetate extracts were dried over anhydrous 
magnesium sulfate. Solvent removal afforded 2.9 g of the desired acid 
as an oil. 

iH NMR (CDC13): 0.98 (d,3H); 1.42(m,lH); 1.56(m,lH); 2.02(m,lH); 
20 2.2(m,lH); 2.35(m,lH); 3.2(m.2H); 5.08(s,2H); 7.3(m,5H) 

Step E; 4rR)-Mp-thvl-l-ben7.v1nYv carbonvl-2-pip .nH^nr 

Ethyl chloroformate (1.92 mL, 20 nmiol) was added 
25 dropwise to a solution of 3(R)-methyl-5-benzyloxycarbonylamino 

pentanoic acid (2.65 g, 10 mmol) and triethyl amine (2.8 mL, 20 mmol) 
in 50 mL of ethyl acetate at QO c. After stirring 1 hr at room temperature, 
the solids formed were filtered and washed with ethyl acetate. The 
filtrate was concentrated to give an oil which was taken up in 45 mL of 
30 toluene. This solution was heated to reflux for 4 hr. Solvent was then 
removed in vacuo and the residue was purified on silica gel using 20% 
ethyl acetate in hexane as solvent to give 1.39 g of the desired lactam as 
an oil. 
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iH NMR (CDCI3): 1.02(d,3H); 1.44(m,lH); 2.0(m,3H); 3.62(q,lH); 
3.55(q,lH); 3.88(q,lH); 5.28(2H); 7.35(m,5H) 

Step F: 4mVMethvl-2-piperidone 

5 

10% Palladium hydroxide on carbon (350 mg) was added to 
a solution of 4(R)-Methyl-l-benzyloxycarbonyl-2-piperidone (1.3 g) in 
20 mL of methanol and the mixture was hydrogenated on Parr shaker at 
50 psi and room temperature. After 4 hrs, the catalyst was filtered and 
10 washed with methanol. The filtrate was concentrated to give 700 mg of 
the crude product which was purified on silica gel using 5% methanol in 
ethyl acetate as solvent to give 510 mg of the desired lactam as a white 
solid. 

15 iH NMR (DMSO): 0.92 (d,3H); 1.26 (m.lH); 1.75(m.3H); 2.18(q,lH); 
3.12 (m,2H) 

Step G: 4(R)-Methvl-2-imino piperidine hydrochloride 

20 The title compound was prepared from 4R-methyl-2- 

piperidone as described in Examples 2 and 3. 

iH NMR (DMSO): 0.96(d,3H); 1.25(m,lH); 1.75(m,lH); 1.85(m,lH); 
2.15(q.lH); 2.55(q,lH0; 3.24(m,lH); 3.34(m,lH); 8.28(b,lH); 
25 8.62(b,lH); 9.35(b,lH) 



EXAMPLE 88 
CH3 



30 



a 



fj^NH HCI 
4(SVMethvl-2-iminopiperidine hyd rochloride 
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The tide compound was synthesized according to the 
procedure of Example 87 starting with (S)-citronellic acid. 



EXAMPI.F SQ 
^{JJ^NH HCI 

^0 g(^R)-Methvl-2-iminnpi Deridine hvdrochlnriH<» 

Step A; 2(R).f>-nimethvl-1-ben2vloxvc a rbonvlaniipo-5-hepfenp. 



15 



Diphenylphosphoryl azide (14 mL, 65 mmol) was added 
dropwise to a solution of (R)-citronellic acid (lOg. 59 mmol) and 
triethylamine (9.1 mL. 65mmol) in 60 mL of toluene. The mixnire was 
heated for 1 hr at 80o C. 12 mL (120 mmol) of benzyl alcohol was added 
and the mixmre was heated to reflux for 4 hrs. The reaction mixnire was 
cooled, diluted with ethyl acetate and washed with water, saturated 
20 sodium chloride solution. After drying over anhydrous magnesium 

sulfate, the solvent was removed in vacuo to give a crude product which 
was purified on silica gel using 5% ethyl acetate in hexane as solvent to 
afford 9.8 g of the desired carbamate as a thick oil. 

25 IH NMR (CDC13): 0.89(d,3H); 1.13(m.lH); 1.35(m.lH); 1.5(m,lH); 
1.6(m.lH); 1.58(s.3H); 1.66(s.3H); 1.98(m,lH); 3.0(m,lH); 3.14(m.lH)- 
5.06(m,lH); 5.08(s,2H); 7.35(m,5H) 

SfgP B: .^fP>-MethvM-henzvloxvr,arf. o nvl-2-pip priH^n*' 

Ozone in oxygen (4%) was passed through a solution of 2- 
(R),6-dimethyl-l-benzyloxycarbonylamino-5-heptene (9.8 g) in 150 mL 
of methylene chloride at -78© C until the blue color persisted. Nitrogen 
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was then bubbled for 15 mins. 16 mL of dimethyl sulfide was added and 
the mixture was stirred 1 hr as it warmed to room temperature and then 
concentrated to give a residual oil. This was taken up in 100 mL of 
acetone and cooled in ice bath. Jones reagent was added dropwise until 
5 orange color was sustained. After stirring 30 mis, 4 mL of isoprpopyl 
alcohol was added and the mixture was stirred for an additional 15 mins. 
Solvent was then removed in vacuo and the residue was stirred with 
water and ethyl acetate. The organic phase was separated and the 
aqueous phase was extracted with ethyl acetate. The combined ethyl 
10 acetate extracts were dried over anhydrous magnesium sulfate and the 
solvent was removed in vacuo. The resulting residue was purified on 
silica gel using first 10% ethyl acetate in hexane as solvent to give 2.0 g 
of 5(R)-methyl-l-benzyIoxycarbonyl-2-piperidone as an oil. 

15 iH NMR (CDCI3): L02(d,3H); L45(m,lH); 1.87(m,lH); l,94(m,lH); 
2,54(m,2H); 3.16(q,lH); 3.88(q,lH); 5.26(s,2H); 7.36(m,5H) 

Further elution of the column with 1 % methanol in ethyl 
acetate gave 5:8 g of 3(R)-methyl-N-(benzyloxycarbonyl)-N-formyl-4- 
20 aminobutanoic acid as a thick oil, which can be utilized in the synthesis 
of 4-(R)-2-imino-4-methylpyrrolidne. 

StepC: 5rR>-Methv1-2-piperidone 

25 10% Palladium hydroxide on carbon (700 mg) was added to 

a solution of 4(R)-methyI-l-benzyloxycarbonyl-2-piperidone (2.0 g) in 
40 mL of methanol and the mixture was hydrogenated on Parr shaker at 
50 psi and room temperature. After 4 hrs, the catalyst was filtered and 
washed with methanol. The filtrate was concentrated to give 1.4 g of the 

30 cmde product, which was purified on silica gel using 5% methanol in 
ethyl acetate as solvent to give 1 g of the desired lactam as a white solid. 

iH NMR (CDCI3): L0(d,3H); L45(m,lH); 2.86(m,2H); 2.38(m,2H); 
2.9(q,lH); 33(q,lH)6.6(b,lH) 
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StgP D: .5fR)-MethvI-2-immnpiDeridine, hy ^rochlnriHp 

The tide compound was synthesized from 5(R)-methyl-2- 
5 piperidone according to the procedure described in Examples 2 and 3. 

IH NMR (DMSO): 0.93(d.3H); 1.34(m.lH); 1.76(m.2H); 2.54(q,2H)- 
2.8(qaH); 3.32(m,lH); 8.35(b.lH); 8.68(b.lH); 9.42(b,lH). 



10 

EXAMPTFQn 

N'^NH HCI 
n 

15 5(S)-Methv1-2-iminopjp^ ridine hyHrn^ l ^J ^riT^r 

The title compound was prepared by the method of example 89 
starting with (S)-citronellic acid. 



20 



EXAMPTFQ] 
CH3 



CH3 



^^^^NH HCI 



25 ^(S).gCR)-Pimethvl-2-imino-Diperirfin^ hvdrnchinr;^ ^ ; 
StgP A;rSVritronellnvl cMn^^ri^ 

Oxalyl chloride (8. 1 mL, 92 mmol) of was added to 14 4 g 
30 (83.75 mmol) of (S)-Citronellic acid in 150 mL of methylene chloride at 
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0 oc. 12.9 mL (92 mmol) of triethylamine was then added dropwise 
cautiously so that the gases evolved can be vented effectively. After the 
addition was complete, the mixture was stirred 1 hour at the same 
temperature. After dilution with 300 mL of ether, the soUds precipitated 
5 were filtered and washed with ether. The filtrate was concentrated to 
give a brown liquid. This was dissolved in ether and the small amount of 
solid was filtered and washed with ether. The filtrate was concentrated in 
vacuo to give almost quantitative yield of the desired acid chloride as 
brown oil. 

10 

iH NMR (CDCI3): 1.0(d, 3H); L58(s3H); 1.68(s,3H); 2.66 & 2.88(2q; 
2H);5.05(t,lH) 

Step B: 3GrS\7-Dimethvl-6-octenovn-4rRVphenvlmethvl-2- 
15 oxazolidinone 

A 1.6M solution of n-butyllithium (52 mL, 83 mmol) was 
added dropwise to a solution of 4R-phenylmethyl-2-oxazolidinone 
(13.3g, 75 nmiol) in 150 mL of THF at -78 OC. The reaction mixture was 

20 stirred for 15 min after the addition and a solution of the above S- 
citronelloyl chloride in 50 mL of THF was added dropwise and the 
mixture was stirred for 15 min at that temperature. The cooling bath was 
removed and the mixture was allowed to warm to room tempoerature and 
stirred 1 hr at room temperature. After quenching with saturated 

25 ammonium chloride solution, the reaction mixture was partitioned 
between IN hydrochloric acid and ethyl acetate. The ethyl acetate 
extracts were washed with saturated sodium chloride solution and dried 
over anhydrous magnesium sulfate. Solvent removal gave an oil which 
was chromatographed on silica gel using 10% ethyl acetate in hexane as 

30 solvent to give the title compound in 65% yield. 

lHNMR(CDa3): L0(d,3H); L6(s,3H); L66(s,3H); 2.74(q JH); 
2.85(m;2H); 3.3(q,lH); 4.15(m,2H); 4.66(m,lH); 5.08(tJH); 7.28(m,5H) 
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Stgp C; 3(?(R) . 3(S).7-Trimethvl-6-octftnn v n-4rR Vp^ ^ pvlmethvl-?- 
oxazolidinnnft 

55 mL (55 mmol) of IM solution of sodium 
5 bis(trimethylsUyl)aniide in THF was added dropwise to a solution of 1 5 g 
(45.4 mmol) of 3(3(S).7-dimethyl-6-octenoyI)-4(R)-phenylmethyl-2- 
oxazolidinone in 120 mL of THF at -78 oc. The reaction mixture was 
stirred 30 mins at that temperature and 21 mL (333 mmol) of methyl 
iodide in 20 mL of THF was added dropwise. The resulting mixture was 
1 0 stirred 1 day at -78 oc. After warming to room temperature, the reacton 
mixture was quenched with ammonium chloride solution and partitioned 
between IN hydrochloric acid and ethyl acetate. The ethyl acetate 
extracts were washed with sodium tiiiosulfate solution, saturated sodium 
bicarbonate solution, brine and dried over anhydrous magnesium sulfate 
1 5 Solvent removal afforded essentaiUy pure desired methylated 
oxazolidinone derivative in quantitative yield. 

IH NMR (CDCI3): 0.88(d, 2H); 1.13(d,3H); 1.58(s.3H); 1.66(s,3H)- 
2.75(q.lH); 3.26(q,lH); 3.68(m.lH); 4.15(m.2H); 4.63(m,lH)- 
20 5.08(t,lH)7.25(m.5H) . v » 

StePD: ?,rR) 3fSV7-Trin|^|hYl -6-nctPn-1-n | 

A solution of 6.8 g (20 mmol) of 3(2(R).3(S),7-trimethyl-6- 
octenoyl)-4(R)-phenylmethyI-2-oxa2oUdinone in 30 mL of THF was 
added dropwise to a suspension of 1.634 g (43 mmol) of lithium 
aluminum hydride in 40 mL of THF at 0 oc. The reaction mixnire was 
then stirred 6 h at ambient temperature The reaction mixture was then 
recooled m ice bath and 5 mL of methanol was added dropwise very 
cauuously. After the effervescence subsided, the reaction mixture was 
concentrated to about 30% of the original volume The reaction mixture 
was then stirred with saturated solution of potassium sodium tartrate and 
extracted with ethyl acetate. The combined ethyl acetate extracts were 
dried over anhydrous magnesium sulfate. Solvent removal afforded a 



25 



30 



BNSDOCID: <WO 9614e44A1J_> 



wo 96/14844 



PCT/US95/14812 



- 125 - 

crude oil, which was purified on silica gel using 10% ethyl acetate in 
hexane as solvent to give 2.0 g (62%) of the desired alcohol as a colorless 
oil. 

5 iH NMR (CDCI3): 0.78(d, 2H); 0.79(d,2H);1.6(s,3H); 1.66(s,3H); 
3.44(q,lH); 3.54(q,lH); 5.1(t,lH) 

Step E: 2rR^.3fS^.7-Trimethvl-6-octen-l-methanesulfonate 

10 To a solution of 510 mg (3 mmol) of 2(R),3(S),7-trimethyI- 

6-octen-l-ol in 3 mL of pyridine at ice bath temperature 0,7 mL (9 mmol) 
of methanesulfonyl chloride was dropwise added. The mixture was then 
stirred for 8 hrs at room temperature. After diluting with ethyl acetate, 
the reaction mixture was washed with saturated sodium bicarbonate, IN 

15 citric acid and water. After drying over anhydrous magnesium sulfate, the 
solvent was removed to give 722 mg of the desired mesylate as a yellow 
oil. 

iH NMR (CDCI3): 0.8(d,3H); 0.87(d,3H); 1.6(s,3H); 1.67(s,3H); 
20 2.98(s,3H); 4.02(q,lH); 4,13(q,lH); 5.06aiH) 

Step F: 2rR1.3fSV7-TrimethvM>a2ido-6-octene 

975 mg (15 nunol) of sodium azide was added to a solution 
25 of 2(R),3(S),7-trimethyl-6-octen-l-methane sulfonate (720 mg, -3 mmol) 
in 6 mL of N,N-dimethylformamide and the mixture was heated 
overnight at 80^ C. The reaction mixture was diluted with ethyl acetate 
and washed several times with saturated sodiimi chloride solution. After 
drying over anhydrous magnesium sulfate, the solvents were removed in 
30 vacuo to give crade azide as an oil. This material was purified on silica 
gel using 30% ether in hexane as solvent to give 545 mg of the desired 
azide as a colorless oil. 
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10 



30 



IH NMR (CDC13): 0.78(d.3H); 0.84(d,3H): 1.59(s,3H); 1.66(s,3H)- 
3.1(q,lH); 3.21(q,3H); 5.07(t,lH) 

Stgp G; 2rR) 3(S).7-Trimerhvl-l-aminn-6.nrt^r^ ^ 

6.3 mL (6.3 mmol) of IM lithium aluminum hydride in THF 
was added dropwise to a solution of 2(R),3(S),7-trimethyl-l.azido-6- 
octene in 10 mL of THF at Qo C. The reaction mixture was heated to 
reflux 18 hrs. After cooling in ice bath, ~ 1 mL of methanol was added 
dropwise cautiously. After the effervescence stopped, the reaction 
mixture was concentrated to 30% of the volume and IN solution of 
potassium sodium tartrate was added. After stirring 15 mins, the reaction 
imxnire was extracted with ethyl acetate. The combined ethyl acetate 
layers were dried over anhydrous magnesium sulfate and the solvent was 
1 5 removed to give 399 mg of the desired amine as an oil. 

IH NMR (CDC13): 0.76(d,3H); 0.78(d,3H); 1.60(s,3H); 1.67(s,3H); 
2.49(q.lH);2.62(q.lH);5.1(t.lH) 

St^P H; 2fR) 3(,S) 7-TriniCthv]-l-be,n7vloxvrarhonv^^ ^ ino-6-nrtPnP 

Separate solutions of 2(R).3(S).7.trimediyl- 1 .amino-6- 
octene (0.87 g. 5.2 mmol) in 8 mL of dioxane, and benzyl chloroformate 
(0.86 mL. -6 mmol) in 8 mL of dioxane were added dropwise 
simultaneously to a stirred solution of 1.05 g (10.5 mmol) of potassium 
hydrogen carbonate in 20 mL of water at 0© C. After the additions the 
mixture was stirred 8 hrs at room temperature. Most of the volatile ' 
solvents were removed in vacuo. The remaining reaction mixture was 
extracted witii ethyl acetate. The combined organic phases Were dried 
over anhydrous magnesium sulfate. Solvent removal gave the crude 
product which was purified on silica gel using 10% ethyl acetate in 
hexane as solvent to give 1 .4 g of the desired carbamate as a colorless oil 
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iH NMR (CDCI3): 0.77(d,6H); 1.18(m.lH); 1.3(m,lH); 1.5(m,lH); 
1.6(s.3H); 1.66(s,3H); 1.95(m,2H); 3.04(m,lH); 1.12(m,lH); 4.7(b,lH); 
5.08(s & m,3H)7.34(m,5H) 

5 Step I: 4(S).5rRVDiTnethvl-6-ben zvloxvcarbonvlainino-hexan-l-al 

A stream of 4% ozone in oxygen was bubbled through a 
solution of 1.79 g (-6 mmol) of 2(R),3(S).7-trimethyl-l- 
benzyloxycarbonylaniino-6-octene in 25 mL of methylene chloride at 

10 -780 C until blue color persisted. Nitrogen gas was bubbled through the 
reaction mixture at the same temperature for 15 min. 3 mL of dimethyl 
sulfide was added and the mixture was stirred 15 mins and then warmed 
to 00 C. The solvents and other volatile materials were removed undeir 
house vacuum. Traces of solvent were then removed in vacuo to give 1.3 

15 g of the desired aldehyde as a thick oil. 

iH NMR (CDCI3): 0.8(2d,6H); 1.48 & 1.54(m,4H); 2.42(m,2H); 
3.04(m,lH); 3.14(m,lH); 5.08(s,2H); 7.34(m,5H); 9.74(s,lH) 

20 Step J; 3(R).4(S)-Dimethvl-l-henzv]nxvrarbonvl-2.3 4 S - tetrahvdro- 
azepine 

A mixture of 1.2 g (-4.2 mmol) of 4(S),5(R)-dimethyl-6- 
benzyloxycarbonylamino-hexan-l-al, 1.26 mL (13.2 mmol) of acetic 
25 anhydride and 120 mg (1.2 nunol) of potassium acetate was heated at 160 
for 2 hours . Excess acetic anhydride was removed in vacuo and the 
residue was purified on silica gel using 20% ethyl acetate in hexane as 
solvent to give -190 mg of the desired azepine derivative as an oil. 

30 iH NMR (CDCI3): 0.95 & 1.0 (2d,6H); 2.0(m4H); 2.17(m.lH); 

3.64(m,lH); 3.74(m.lH); 4.9(m,lH); 5.1(s,2H); 6.6(m.lH); 7.35(m.lH) 

StgP K: 3(>S).4rR)-nimffthvl-6-(benzvloxvcarhonvnfn nnimidn-1- 
pentanoic acid 
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A stream of 4% ozone in oxygen was bubbled through a 
solution of 130 mg (0.5 mmol) of 3(R),4(S)-diinethyl- 1 - 
benzyloxycarbonyl-2,3,4,5-tetrahydroazepine in 5 mL of glacial acetic 
5 acid at room temperature for 1 0 mins. 0.3 mL of 30% hydrogen peroxide 
was added and the mixture was heated to reflux 2 hrs. The solvent was 
removed and the traces were azeotroped with toluene to give 100 mg of 
the desired acid as a thick oil. 

10 IH NMR (CDC13): 0.76(d,3H); 0.87(d,3H); 1.9(m,lH); 2.0(m.lH); 
2.18(q.lH); 2.32(q,lH); 3.5(q.lH); 3.6(q,lH); 5.28(s,2H); 7.37(m.5H); 
9.26(s,lH) 

Stgp L; 3<?>) i 4(R )-Pimethvl-6-ben7vlnY y ^ ^arfaonvlam^no- 1 -pentannj r 
15 acid 

A solution of 2N sodium hydroxide (0.4 mL, 0.8 mmol) was 
added to a solution of 90 mg (0.3 mmol) of 3(S),4(R).dimethyl-6- 
(benzyloxycarbonyl)formamido-l-pentanoic acid in a mixture of 2 mL of 
20 methanol and 1 mL of water. This mixture was heated 2 hrs at 60© C. 

The reaction mixture was cooled and 0.4 mL of 2N hydrochloric acid was 
added. Solvents were removed and the residue was extracted with ethyl 
acetate. The organic layer was dried over anhydrous magnesium sulfate 
and the solvent removal afforded 62 mg of the desired acid as an oil. 

IH NMR (CDCls): 0.82(d,3H); 0.88(d,3H); 1.68(m.lH); 2.08(m,lH)- 
2.2(m.lH); 2.35(m.lH); 3.1(m.2H); 5.1(2H); 7.3(m.5H) 

Stgp M; 4(.S) 5(R)-nimpthvi-2-piperi^^nr 

Ethyl chloroformate (0.048 mL, 0.5 mmol) was added to a 
solution of 3(S).4(R).dimethyl.6-benzyloxycarbonylamino-l-pentanoic 
acid (62 mg. 0,25 mmol) and triethylamine (0.07 mL. 0.5 mmol) in 2 mL 
of ethyl acetate cooled in ice bath. After stirring 1 hr. the solids were 
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filtered and washed with ethyl acetate. The filtrate was concentrated to 
give the carbonate as oil. 2 mL of toluene was added to this resiue and 
heated to reflux 5 hrs. The solvent was then removed in vacuo to give the 
N-protected lactam as oil. 25 mg of palladium hydroxide was added to a 
5 solution of the above residue in 2 mL of methanol and the mixture was 
hydrogenated 4 hrs on a Parr shaker. The catalyst was filtered and 
washed with methanol. The tiltrate was concentrated to give 3 1 mg of 
the desired lactam as a waxy solid. 

10 iH NMR (CDCI3): 0.95(d,3H); 0.97(d,3H); 1 .54(m,2H); 1 .98(m, IH); 
2.44(m.lH); 2.9(m,lH); 3.25(m,lH). 

Step N: 4(S).5(RVDimedivl-2-iniinopiperidi ne hvdrochloride 

15 The title compound was prepared from 4(S),5(R)-Dimethyl- 

2-piperidone according to the procedure described in examples 2 and 3. 

iH NMR (DMSO): 0.89(d.3H); 0.93(d,3H); 1.50(m,2H); 2.20(m,lH); 
2.55(m,lH); 2.83(m.lH); 8.3(b,lH); 8.65(b,lH); 9.40(b,lH) 

20 

Specific rotation = +62.8° (c=0.2 1 , EtOH) 

EXAMPLE 92 
CH3 



25 




4(R).5rSVDimethvl-2-imino-piperidine hyd rochloride: 

The title compound is prepared according to the procedure 
30 of Example 89 starting with (R)-citronellic acid and 4(S)-phenylmethyl- 
2-oxazolidinone. 
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Specific rotation = -65.2o (c=0.21, EtOH) 

EXAMPTFQ^ 

5 

CH3 

^N-^NH HCI 
H 

4(S),^(?»)-nimethvl-7,-imino-pip ft ^ dine hydrochloride- 

10 The tide compound is prepared according to the procedure 

of Example 91 starting with (S)-citronellic acid and 4(S)-phenylmethvl-2- 
oxazolidinone. 

I S ^l^Tf JP'i'f?^^ 0.84(d.3H); 0.86(d,3H); 1.98(m.lH); 2.26(m,lH); 
15 2.64(m,lH); 2.98(m.lH); 7.25(b,lH); 8.25(b,lH); 8.64(b,lH) 

Specific rotation = -230 (c?=0.2, EtOH) 



20 



EXAMPTFQ/L 
CH3 



N^NH HCI 
M 



4(R) . gfR)-Pimgthvl-2-imTno-DiDeridinP ^ y drochlnriHe; 

The title compound is prepared according to the procedure 
of Example 91 starting with (R).citronelIic acid and 4(R)-phenylmethyl- 
2-oxazoIidinone. 
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Specific rotation = +25° (c=0.22, EtOH) 



EXAMPLE 95 



CHg 

HCI 

H 



10 



2-Imino-5(SVmethoxv-4(SVniethvl -piperidine hydrochloride. 

Step A: 5-0-fgrr-Butvldimethvl silvl-2.3-dideoxv-E>-g/vcgro-pent-2-eno- 
1.4-lactone 



To a solution of 2,3-dideoxy-D-g/yc«ro-pent-2-eno-l,4- 
15 lactone (580 mg, 5.08 mmol) in dry N,N-dimethylformamide (DMF) (7 
mL) were added thethylamine (1.06 mL, 7.60 mmol) and 
4-dimethylaminopyridine (63 mg, 0.51 mmol). The reaction mixture was 
cooled in an ice-bath, and f^rr-butyldimethylsilyl chloride (1.02 g, 6.77 
mmol) was added. The mixture was allowed to attain room temperature 
20 and stirred an additional 3 hours. The mixture was then diluted with 

diethyl ether, washed with water, 2N hydrochloric acid, saturated sodium 
bicarbonate solution, saturated brine solution, dried (Na2S04), and 
evaporated. This procedure was repeated with 600 mg (5.26 mmol) of 
2,3-dideoxy-D-g/ycgro-pent-2-eno-l,4-lactone. The two runs were 
25 combined after workup, and the product was purified by flash 

chromatography eluting with 15% acetone in hexane. The resulting oil 
crystallized upon standing; yield 1.65 g (70%). 

iH NMR (400 MHz, CDCI3): 6 0.03 (s, 3H), 0.05 (s, 3H), 0.85 (s, 9H), 
30 3.78 (dd, IH), 3.91 (dd, IH), 5.03 (m, IH), 6.14 (dd, IH), 7.48 (dd, IH). 
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StgpP: 2.3-Di(ieoxv-3-C-merhvl-5-Q-f^rf-h u tvldimethv|silv1.n-/>rv//irn- 

Dentono-1.4-larfnn*' 

To a vigorously stirred suspension of copper(I) bromide- 
5 dimethyl sulfide complex (7.42 g. 36. 1 mmol) in diethyl ether (80 mL) 
was added methyllithium (51 mL of a 1.4M solution in hexane, 71.4 
mmol) over 5-6 minutes. The resulting solution was cooled to -23°C 
(CCl4/dry ice bath), and a solution of 5-0-f^/t-butyldimethyIsiIyl-2,3- 
dideoxy-D-^(yc£ro-pent-2-eno-l,4-lactone (1.65 g, 7.22 mmol) was' 

10 added in one portion. The suspension was stirred at -23''C for 20 minutes 
and quenched by the cautious addition of saturated aqueous ammonium 
chloride (39 mL). The mixture was transferred to a separatory funnel and 
shaken vigorously to break down excess reagent. The organic layer was 
washed with sanirated brine solution, dried (MgS04), and evaporated. 

15 The product was purified by flash silica gel chromatography eluting 
initially with 5% ethyl acetate in hexane and subsequently with 10% 
ethyl acetate in hexane; yield 1.42 g (80%). 

iH NMR (400 MHz, CDCI3): 5 0.04 (s,3H). 0.06 (s, 3H), 0.88 (s, 9H) 
20 1.16 (d, 3H). 2.1 1 (dd. IH), 2.52 (m. IH), 2.77 (m, IH), 3.71 (dd. IH) 
3.82 (dd,lH). 4.08 (m,lH). 

StgP C: 2.3-nideoxv-3-r-methvl-n-^rvf;,^^-penfnnn-] , ^^} ^nt^ n f 

2,3-Dideoxy-3-C-methyl-5-0-/tfrr-butyldimethylsilyl-D- 
cry?Wpentono-l,4-lactone (1.4 g, 6.13 mmol) was treated with tetra-n- 
butylammonium fluoride (8.7 mL of a l.OM solution in tetrahydrofuran. 
8.7 mmol) for 90 minutes at room temperanire. The reaction mixnire was 
evaporated, and the crude product subjected to flash silica gel 
chromatography eluting initiaUy with 15% acetone in hexane and 
subsequently with 25% acetone in hexane. Pure tide compound was 
obtained as an oil; yield 710 mg (89%). 
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iH NMR (400 MHz, CDCI3): 5 1.16 (d, 3H), 2.21 (dd, IH), 2.50 (m, 
IH), 2.72 (dd, IH). 

STEP D: 5-Azido-2.3.5-tride oxv-3-C-methvl-D-gm/2r6>-pentono- 1 .4- 

5 hslom 

To a solution of 2,3-dideoxy-3-C-methyl-D-eryfAr<7- 
pentono-l,4-lactone (490 mg, 3.76 mmol) in methylene chloride (10 mL) 
cooled in an ice-bath were added 2,6-lutidine (501 mL, 4.30 mmol) and 

10 trifluoromethanesulfonic anhydride (682 mL, 4.05 mmol). The reaction 
mixture was stirred at O^C for 30 minutes, diluted with methylene 
chloride, washed with water, 2N hydrochloric acid, saturated sodium 
hydrogen carbonate solution, saturated brine solution, dried (Na2S04), 
and evaporated. The crude product was taken up in DMF (6 mL) and 

15 treated with sodium azide (856 mg, 13.2 mmol) at room temperamre for 
30 minutes. The mixture was diluted with ethyl acetate, washed with 
water, dried (Na2S04), and evaporated. The pure title compound was 
obtained after flash chromatography eluting with 25% ethyl acetate in 
hexane; yield 358 mg (61 %). 

20 

IH NMR (400 MHz, CDCI3): 6 1.15 (d, 3H). 2.21 (dd, IH), 2.42 (m, 
IH), 2.74 (dd, IH), 3.44 (dd, IH), 3.60 (dd, IH), 4.15 (m, IH); mass 
spectrum: 128 (M+1 - N2). 

25 STEP E: 5rSVHvdrovv-4r5;^- niethvl-2-pip .riHnnP 

A solution of 5-azido-2,3,5-trideoxy-3-C-methyl-D-«ryr/iw- 
pentono-l,4-lactone (358 mg, 2.31 nmiol) in methanol (4 mL) was 
hydrogenated under a balloon atmosphere of hydrogen gas in the 
30 presence of 10% palladium-on-charcoal (50 mg) overnight at room 

temperature. The catalyst was then removed by filtration through Celite, 
and the filter washed with methanol. The combined filtrate and washings 
were evaporated, and the resulting product crystallized upon standing; 
yield 128 mg (43%). 
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iH NMR (400 MHz, CDCI3): 6 1.03 (d, 3H). 2.05 (m. IH), 2.17-2.28 (m 
2H), 3.27 (dd, IH). 3.40 (dd. IH), 3.86 (m, IH); mass spectram: 130 
(M+1). 

5 

STEP F: ?-Tmino-5(S)-methoxv-4fSVmfifhv l-Diperidinp hydrochlnnHp 

To a solution of 5(S)-hydroxy-4(S)-methyl-2-piperidone 
(1 19 mg, 0.921 mmol) in methylene chloride (3 mL) was added 
trimethyloxonium tetrafluoroborate (285 mg, 1.93 mmol). The reaction 
mixture was stirred for 24 hours at room temperature. Thin-layer 
chromatography (10% MeOH/CH2Cl2) indicated the formation of two 
more mobile products: the 5-methoxy-4-methyl imino-methyl ether and 
the 5-hydroxy-4-methyl imino-methyl ether. The mixture was diluted 
with ethyl acetate, washed with saturated sodium hydrogen carbonate 
solution, saturated brine solution, dried (MgS04), and carefully 
evaporated (bath temperature <15X) to avoid loss of the volatile imino 
ethers. The crude product mixture in ethyl acetate was applied to a 
column of silica gel (packed as a slurry in 4% methanol/CH2Cl2). Rapid 
eluuon with 4% methanol/CH2Cl2 afforded the 5-methoxy-4-methyl 
muno-methyl ether (yield - 16.7 mg), and subsequent elution widi 10% 
MeOH/CH2Cl2 afforded the 5-hydroxy-4-methyl imino-methyl ether 
(yield -13.6 mg). Evaporations of the column fractions containing 
product was performed with extreme caution to avoid loss of the volatile 
25 imino ethers. 

The 5-methoxy-4-methyl imino-methyl ether (-16.7 mg) 
was treated with ammonium chloride (4.5 mg) for 4 h in refluxing EtOH 
(2 mL). The reaction mixture was evaporated, and the resulting solid 
dried in vacuo; yield 14.3 mg. 



20 



30 



IH NMR (400 MHz. CDCI3): 5 1.10 (d, 3H). 2.12 (m, IH). 2.40 (dd, 
IH), 2.53 (dd, IH), 3.40 (s. 3H), 3.52 (m, IH), 3.67 (dd, IH). 



Mass spectrum m/e =143 (M+1). 
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EXAMPLE 96 



CH3 
H 



2-Iimno-5(S)-hvdroxv-4fSVniethvl-piperidine hydrochloride. 

10 The 5-hydroxy-4-methyl-imino methyl ether from Step F of 

Example 95 (-13.6 mg) was treated with ammonium chloride (4.4 mg) in 
refluxing EtOH (2 mL) for 4 h , The reaction mixture was evaporated, 
and resulting solid dried in vacuo; yield 9.5 mg. 

15 iH NMR (400 MHz. CDCI3): 5 1.10 (d, 3H), 2.08 (m, IH) ,2.47 (dd, 
IH), 2.55 (dd, IH), 3.40 (dd, IH), 3.50 (dd. IH), 3.93 (m, IH). 

Mass spectrum m/e =129 (M+1). 



20 

EXAMPLE 97 
CH3 

pj'^NH HCI 



25 2-IminQ-5fS)-methoxv-4fR)-methv1-piperidine hydrochloride 

StgpA; 2.3-Dideoxv-3-C-methvl-5-0-tert-butyldim ethy1silyl-D. 

r/irgo-pentono- 1 ■4-lactone 
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The title compound was prepared according to the method 
described by S. Hanessian and PJ. Murray for the corresponding 5-0- 
tert-butyldiphenylsilyl derivative [Tetrahedron: 43, 5055-5072. 1987]. 

iH NMR (400 MHz, CDCI3): 6 0.04 (s, 3H); 0.05 (s, 3H); 0.87 (s, 9H)- 
1.17 (d, 3H); 2.37 (dd, IH); 2.48 (dd, IH); 2.71 (m. IH); 3.78 (dd IH) ' 
3.83 (dd,lH); 4.40 (m,lH). ' 

^^^P ^' 2.3-Dideox V-3-C-Tnef h vl-n -r/,rgr>-penrnpo- 1 .4-Tarfr>n ^ 

2,3-Dideoxy-3-C-methyl-5-0-tert-butyldimethyIsilyl-D-r/jr^c?- 
pentono-l,4-lactone (1.8 g, 7.36 mmol) was treated with tetra-n- 
butylammonium fluoride (9.8 mL of a 1.0 M solution in tetrahydrofuran 
9.8 mmol) for 90 minutes at room temperature. The reaction mixture was 
evaporated, and the crude product subjected to flash chromatography 
elutmg with 25% acetone/hexane; yield 795 mg (83%) of a colorless oil. 

^^^^ 5-Asjd9-2 . 3 5-trideoxv-3-r-methvl-n-fAr^p- p entono-1 4- 



This compound was prepared in a similar manner as Step D of 
Example 95 starting with 2,3-dideoxy-3-C-methyl-D.r/ir^^>-pentono-l 4- 
lactone (795 mg, 6. 1 1 mmol). The title compound was obtained as an oil 
after flash chromatography eluting with 25% ethyl acetate in hexane- 
25 yield 575 mg (61%). 

IH NMR (400 MHz, CDCI3): 6 1.09 (d, 3H); 2.31 (dd, IH); 2.66 (dd 
IH); 3.50 (dd, IH); 3.57 (dd, IH); 4.54 (dd, IH). 

3^ SteaJ^i g(S)-Hvdroxv-4fRVTne.rhv]-9.p^p.riH^n^ 

A solution of 5-azido-2,3,5-trideoxy-3-C-methyl-D-rArtfo- 
pentono-l,4-lactone ( 361 mg, 2.33 mmol) in ethyl acetate (23 mL) was 
hydrogenated at 40 psi in the presence of 20% palladium hydroxide on 
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carbon (42 mg) for 2 hours at room temperature. The catalyst was 
removed by filtration through a pad of Cehte. The filtrate was 
evaporated, and the residue taken up in toluene (25 mL) and methanol (2 
mL) and heated for 24 hours at KW'^C. The mixture was evaporated, and 
5 the crude product recrystallized from hot ethyl acetate; yield 160 mg 
(53%). 

iH NMR (400 MHz, CD3OD): 5 1.04 (d, 3H); 1.95 (m, IH); 1.99 (dd, 
IH); 2.53 (dd, IH); 3.08 (dd. IH); 3.41 (dd, IH); 3.60 (m, IH). 

10 

SiSSLEl 2-Imino-5r SVmethoxv-4(R>-methvl-Diperidine 

hvdrochloridy 

To a solution of 5(S)-hydroxy-4(R)-methyl-2-piperidone 

15 (157 mg, 1 .22 mmol) in methylene chloride (4 mL) was added 

trimethyloxonium tetrafluoroborate (376 mg, 2.54 mmol). The reaction 
mixture was stirred for 24 hours at room temperature. Thin-layer 
chromatography (10% methanol/CH2Cl2) indicated the formation of two 
more mobile products: the predominant product being the 5-methoxy-4- 

20 methyl-imino-methyl ether followed by a smaller amount of the 5- 
hydroxy-4-methyl-imino-methyl ether. The mixture was diluted with 
ethyl acetate, washed with saturated sodium hydrogencarbonate solution, 
saturated brine solution, dried (MgS04). and carefuUy evaporated (bath 
temperature <15**C) to avoid loss of the volatile imino ethers. The crude 

25 product mixture was subjected to flash siUca gel chromatography (packed 
as a slurry in 4% methanol/CH2Cl2). Rapid elution with 4% 
methanol/CH2Cl2 afforded the 5-methoxy-4-methyl-imino-methyl ether. 
Subsequent elution with 10% methanol/CH2Cl2 affoixied the 5-hydroxy- 
4-methyl-imino-methyl ether. Evaporations of the column fractions 

50 containing product were performed with extreme caution to avoid loss of 
the volatile imino ethers. 

The 5-methoxy-4-methyl-imino-methyl ether was treated with 
ammonium chloride (32 mg, 0.60 mmol) in refluxing ethanol (4 mL) for 4 h. 
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The cooled reaction mixture was evaporated, and the resulting solid dried in 
vacuo; yield 61 mg. 



iH NMR (400 MHz, CD3OD): 6 1.08 (dd. IH); 2.23 (m. IH); 2.32 (dd, IH); 
5 2.81 (dd, IH); 3.38 (dd, IH); 3.40 (s, 3H); 3.42 (m, IH); 3.55 (dd. IH) 



MnMnO-5(?>)-hYdrPXY-4fR)-methvl-DineriHine. hvdrnrhlnnH^ 

The 5-hydroxy-4-methyl-imiiio-methyl ether from Step E of 
Example 97 was treated with ammonium chloride (16 mg, 0.30 mmol) in 
refluxing ethanol (3 mL) for 4 hours. The cooled reaction mixture was 
evaporated. The soUd was taken up in methanol, and the product crystallized 
20 out upon addition of diethyl ether; yield 22 mg. 

iH NMR (400 MHz, CD3OD): 6 1.08 (d, 3H); 2.01 (m, IH); 2.33 (dd, IH); 
2.85 (dd, IH); 3.19 (dd, IH); 3.54 (dd, IH); 3.71 (m, IH). 

25 Mass spectrum m/e= 128 (M+1). 



Mass spectrum m/e = 143 (m +1). 



10 



EXAMPLE 98 




EXAMPIFOQ 
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CH3 



CH3 



N'^NH HCI 
H 



2-Imino-5('S>-acetyloxy-4fR')-methyl-piperidine hydrochloride 

5 Step A: 5(SVAcetvl oxy-4rR)-methyl-2-piperidone 

5(S)-Hydroxy-4(R)-methyI-2-piperidone (43 mg, 0.33 
mmol) was treated with pyridine (0.5 mL) and acetic anhydride (0.3 mL) 
overnight at room temperature. The mixture was evaporated and 
10 coevaporated several times with toluene. Flash silica gel chromatography 
eluting with 2% methanol/CH2Cl2 gave pure title compound; yield 17.7 
mg. 

iH NMR (400 MHz, CD3OD): 6 1.04 (d. 3H); 2.08 (s, 3H); 2.09 (dd, 
15 IH); 2.21 (m. IH); 2.58 (dd, IH); 3.22 (dd, IH); 3.56 (dd, IH); 4.83 (m, 
IH), 

S^SILBi 2-Imino-5(S)-acetvloxv- 4rRVmethvl-piperidine hvdrochloride 

20 To a solution of 5(S)-acetyloxy-4(R)-methyl-2-piperidone 

(17.7 mg, 0.103 nmiol) in methylene chloride (1.5 mL) was added 
trimethyloxonium tetrafluoroborate (16.8 mg, 0.1 13 mmol). The reaction 
mixture was stirred for 18 hours at room temperature. The mixture was 
diluted with ethyl acetate, washed with saturated sodium 

25 hydrogencarbonate solution, saturated brine solution, dried (MgS04), and 
carefully evaporated (bath temperature <15*'C) to avoid loss of the 
volatile imino ether. The residue was treated with anunonium chloride 
(4.4 mg, 0.082 mmol) in refluxing ethanol (1.5 mL) for 3 hours. The 
reaction mixture was evaporated and trimrated with ethyl acetate. The 

30 resulting solid was filtered, washed with ethyl acetate, and dried in vacuo. 
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iH NMR (400 MHz, CD3OD): 6 1.09 (d. 3H); 2.08 (s, 3H); 2.26 (m 
IH); 2.45 (dd. IH); 2.89 (dd, IH); 3.37 (dd. IH); 3.69 (dd. IH). 

Mass spectrum m/e = 171 (M +1). 



EXAMPLRim 



CH3^0^0 

^{j'^NH HCI 




H K H °^ 5(R).azidomethyl-3(R),4(R)-0-isopropylidene- 

^ydro-2(3H).furanone [prepared according to Herdeis and Waibel Arch 
Pharm: 324 269-274 (1991)] (460 mg. 2. 16 mmol) in methanol (12'mL) was 

" atmosphere of hydrogen gas in the presence of 

20% palladium hydroxide on carbon (75 mg) for 4 hours at room temperature. 
The catolyst was removed by filtration through an Anotop 25 Dispo Syringe 
Filter (O^nm). The filtrate was evaporated, and the resulting solid dried in 
was treated with acetic anhydride (2 mL) and pyridine (3 
mL) until thm layer chromatography (10% methanoI/CH2Cl2) indicated 
complete conversion into a more mobile product. The reaction mixture was 
evaporated and coevaporated several times with toluene. The product was 
punfied by flash siUca gel chromatography eiuting with 2-3% 

meAanoyCH2a2. Pure title compound was obtained as a solid; yield 185 mg 

(37%). ^ 
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To a solution of 3(R),4(R)-0-isopropylidene-5(R)-acetyloxy-2- 



piperidone (99 mg, 0.432 mmol) in methylene chloride (3 mL) was added 
trimethyloxonium tetrafluoroborate (70 mg, 0.473 mmol). The reaction 
5 mixture was stirred for 18 hours at room temperature. The mixture was 
diluted with ethyl acetate, washed with saturated sodium hydrogencarbonate 
solution, saturated brine solution, dried (MgS04), and carefully evaporated 
(bath temperature <15''C) to avoid loss of the volatUe imino ether. The residue 
was treated with ammonium chloride (18.4 mg, 0.344 mmol) in refluxing 
10 ethanol (4 mL) for 5 hours. The reaction mixture was evaporated, and the 
residue triturated with a mixture of ethyl acetate and diethyl ether. The solid 
was filtered, washed with diethyl ether, and dried in vacuo. 

iH NMR (400 MHz, CD3OD): 5 1.44 (s. 3H); 1.48 (s. 3H); 2.08 (s, 3H); 3.48 
15 (dd, IH); 3.57 (dd, IH); 4.73 (dd, IH); 5.00 (d, IH); 5.32 (m, IH). 

Mass spectrum m/e = 229 (M +1). 



2-Imino-3(S).4rR).5rRVtriacetvloxv-piperidine hydrochloride 

25 

Step A; 3(R).4(R).g(R)-Triacgtyloxy-2-piipgrid9ng 

3(R),4(R)-0-Isopropylidene-5(R)-acetyloxy-2-piperidone (80 mg, 
0.349 mmol) was treated with 90% aqueous trifluoroacetic acid until thin-layer 
30 chromatography (TLC) indicated complete disappearance of starting material. 



20 



EXAMPLE IQl 



>-CH3 
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The reaction mixture was evaporated and coevaporated several times with 
toluene. The residue was treated with pyridine (1 mL) and acetic anhydride 
(0.7 mL) until complete conversion into a more mobile product by TLC The 
reaction mixture was evaporated and coevaporated several times with toluene 
The product was purified by flash silica gel chromatography eluting with 2% ' 
methanol/CH2Cl2; yield 48.2 mg (5 1 %). 

IH NMR (400 MHz. CDCI3): 5 2.06 (s, 3H); 2.12 (s, 3H); 2.14 (s. 3H)- 3 52 
(m, 2H); 5.30 (td, IH). 5.50 (d, IH); 5.69 (m, IH); 5.76 (br s, IH). 

^^^^ 2-Imin9-3f.S) 4fR)..5(R)-triarpfvloxv-p ip.ri^ ip e hvdrnrMnrj A. 

n,. n 1-71 a solution of 3(R).4(R).5(R)-triacetyloxy-2.piperidone (46.7 
mg^O. 171 mmol) m methylene chloride (2 mL) was added trimetiiyloxonium 
ted^uoroborate (28 mg, 0.189 mmol). The reaction mixture was stirred for 
18 hours at room temperatiire. TTie mixture was diluted with ethyl acetate 
washed with saturated sodium hydrogencarbonate solution, saturated brine 
solution, dned (MgS04). and carefuUy evaporated (bath temperature '^^'o 
to avoid loss of the volatile imino ether. The residue was treated with 
ammomum chloride (6.8 mg. 0.127 mmol) in refluxing ethanol (2.5 mL) for 4 
hours. TTie reaction mixture was evaporated, and the resulting solid dried in 



25 l^^"^^^!^' CD3OD): 52.03 (s, 3H); 2.09 (s, 3H); 2.12 (s, 3H); 3.43 
25 (dd, IH); 3.51 (dd, IH); 5.40 (m, IH); 5.61 (d, IH); 5.68 (m, IH). 



Mass spectrum m/e = 274. 



EXAMPrF|()7 



CO., 



^ NH HCI 
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c/.y-Decahvdro-2-iminoquinQline hydrochloride 



Step A: cis-Octahvdroquino lin-2(lHVone 

5 A suspension of Ig of 3,4,5,6,7,8-hexahydro-2(lH)- 

quinolinone in 1 : 1 mixture of dioxane and ethanol was hydrogenated in 
presence of 250 mg of 10% palladium on carbon at 60 psi and room 
temperature for 4 hours. The catalyst was filtered on a bed of filter eel 
and washed with dioxane-ethanol mixture. The filtrate was concentrated 
10 to give a residue which was purified on silica gel using ethyl acetate as 
solvent to give 510 mg of the desired product containing about 10% 
trans-isomer. Recrystallization from hexane did not improve the isomer 
ratio. 

15 iH NMR (CDC13): 3.49(m,lH); 2.33(m,2H)1.2-2.0(m,l IH) 
Step B: c/5-Decahvdro-2-iniinoquinoline hydrochloride 



The title compound was synthesized as described in examples 2 and 3 
20 from cis-octahydroquinolin-2( 1 H)-one. 

iH NMR (DMSO): 3.49(m,lH); 2.53(m,2H); 1.25-2.0(m,l IH); 
8.16(b,lH); 8.7(b,lH); 9.65(b,lH) 

25 

EXAMPLE 103 



OCl 

^-^[j^NH HCI 



30 ^rg?M-Decahvdro-2-iminoquinoline hy drochloride 
Step A: frayi.y-OctahvdrQquin olin-2nH>-nne 
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on «^ • "^'''"'"^ °^ ^^'^^ °f 3,4,5,6.7.8,-hexahydro- 

2(lH).quinohnone, 2.8g (41 mmol) of sodium formate and 5 mL of 
formic acid was heated to reflux for 1 day n,e reaction mixture was then 
cooled and 20% sodium hydroxide solution was added to make it basic 
This mixture was then extracted with ethyl acetate. The combined ethyl 
acetate extracts were dried over anhydrous magnesium sulfate and the 
so vent was removed to give a cnide product. This was purified on silica 
gel using ethyl acetate as solvent to provide 752 mg of the desired 
product with about 10% of the cis- isomer. Recrystallization of this 
matenal from cyclohexane did not improve the ratio of the isomers. 

IH NMR (CDC13): 2.88(m,lH); 2.4(m.2H)1.0-1.9(m.IlH) 

Stgp P: rmr,V-Decahvdro-9.|m h-n" in TT li n e hvdrnrh] r. ^ A^ 

The title compound was synthesized from tians-octahydroquinolin- 
^(IH)-one as described in examples 2 and 3. 

20 I'l^S^f^^^^'^^^^^^ 2.58(m.2H); 1.0-2.0(m.llH); 
20 8.12(b.lH); 8.76(b,lH); 9.70(b,lH) 



EXAMPT f! ](u 

^ N^NH HCI ^N^NH HCI 

hvdrochl^ri^A 
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A mixture of 1 g of 2-hydroxy-4-methyl-6,7-dihydro-5H-l- 
pyrindine (prepared according to A. Sakurai and H. Midorikawa, Bull 
Chem Soc Japan, 41, 165, 1968) and platinum oxide (0.5g) in 50 mL of 
glacial acetic acid was hydrogenated on a Parr shaker at room 
5 temperature and 50 psi for 2 days. The catalyst was filtered and washed 
with acetic acid. The filtrate was concentrated to give the desired lactam 
as a white solid after purification on silica gel using 2% methanol in ethyl 
acetate as solvent. 

10 Step B: 4fSVMethvl>4afS17a(SVperhvdro-l-pvrindin-2-one and 4(RV 
MethvMarR).7arRVpe rhvdro- 1 -pvr indin-2-one: 

The mixture of enantiomers obtained from the step A was 
separated into its chiral components using ChiralCel OD colunm using 
15 90:10 hexaneiisopropanol mixture as solvent on HPLC. The faster 

moving enantiomer was 4(S)-methyl-4a(S),7a(S)-perhydro-l-pyrindin-2- 
one and the slower moving enantiomer was 4(R)-methyl-4a(R),7a(R)- 
perhydropyrindin-2-one. 

20 iH NMR (CDQs): 5.45(bJH); 3.8(m,lH);1.4-2.3(m,10H); 0.96(d,3H) 

Step C: 4fSVMgthyMa(S)Ja(S)-pgrhydro-2-iminP-l'pyrin^^^ 

hydrochloride and 4rRVMethvl-4a(R^,7afRVperhvdro-2-imino-l> 
pyrindine hydrochloride 
25 The title compounds were prepared according to the method 

described in Examples 2 and 3. The stereochemical assignments for 
these two compounds were confirmed by x-ray structure determination. 

1h NMR (CD30D): 3.9(m,lH); 1.4.2.5(m, IH); L06(d,3H) 

30 

4(S)-Methyl-4a(S),7a(S)-perhydro-2-imino- 1 -pyrindinie hydrochloride 
specific rotation = +53. 95© (c = 0.215, EtOH) 
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4(R)-MethyI-4a(R),7a(R)-perhydro-2-imino-l-pyrindine hydrochloride 
specific rotation = -54.550 (c = 0.22, EtOH) 

EXAMPT.F. ins 
H f "3 ^ CH3 

CXX CTl 

^^N-^NH HCI ^^N^NH HCI 



4fS)-Mgthy|-4ar>S) , 8a(.S)-dPgahvdro-?-iniinoq.nnnHn>» h YdrochlnHH^ ^ pH 
4rR)-MgThyl-4a(R),8arF)-derRhvdro-2-iminnq .nri^i |n . ^.^a.. 

A mixture of 2-hydroxy-4-methyl quinoline ( 1 g) and 
platinum oxide (0.5g) in 50 mL of glacial acetic acid was hydrogenated 
on a Parr shaker at room temperature and 50 psi for 2 days. The catalyst 
was filtered and washed with acetic acid. TTie filtrate was concentrated to 
give the desired lactam as a white soUd after purification on silica gel 
usmg 2% methanol in ethyl acetate as solvent. 

^^^''^l'^^^^^^^'-^^^-^^ 8Rrs)-dPrahvdrrv^ „in.r^ n -o_^ n . 



The mixture of enantiomers obtained from the step A was 
9*: ^Q^^T^ ""^^ ""^^ components using ChiralCel OD column using 
90: 10 hexane:isopropanoI mixture as solvent on HPLC. The faster 
moving enantiomer was 4(S).methyl.4a(S).8a(S)-decahydroquinolin-2- 
one and the slower moving enantiomer was 4(R)-methyMa(R),8a(R)- 
decahydroquinolin-2-one. 

]^^^^^^- ^•'*2<b.lH): 3.6(m.lH); 2.3(m,lH): 2.0(m.lH); 1.1- 
1.7(m,8H);0.96(d,3H) 
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Step C: 4(S)-Methvl-4arS18a(SVdecahvdro-2-iminoquinoline 
hydrochloride and 4(R)- Methvl-4afR').8a(RVdecahvdro-2-iminoquinoline 

The title compounds were prepared according to the method 
5 described in Examples 2 and 3 and the assignment of stereochemistry 
was confimed by x-ray crystal structure determination. 

iH NMR (CD30D): 3.68(m,lH); 2.6(m, IH); 2.3(m,lH); 2.1(m,lH); 
1.25-1. 96(m,9H); 1.04(d,3H) 

10 

4(S)-Methyl-4a(S),8a(S)-decahydro-2-iminoquinoline hydrochloride 
specific rotation = +12.31 o (c = 0.195, EtOH) 

4(R)-Methyl-4a(R),8a(R)-decahydro-2-iminoquinoline hydrochloride 
1 5 specific rotation = - 1 2.50 (c = 0.2, EtOH) 



EXAMPLE 106 



20 




NH HCI 



2-IminQ-QCtahvdro-Quinolin-6r5H^-one-6-et hvlene ketal hydrochloride 
Step A; 3.4.7.8-Tetrahvdro-Quinolin-2flHV6(5H>-dione-6-ethvlene ketal 

25 

A solution of 1,4-cyclohexanedione monoethylene ketal (10 
g, 0.64 mol) and pyrrolidine (1 1.6 mL, 0.13 mol) in toluene (50 mL) was 
heated at reflux for 2 h collecting water in a Dean-Staik trap. Half the 
yolume was distilled off and the reaction cooled to room temperature. To 
30 the mixture was added a solution of acrylamide (10.9 g, 0. 15 mol) in 

N,N-dimethylacetamide (25 mL) and the mixture heated at 78 for 18 h 
and 135 for 4 h. The reaction was cooled, water (100 mL) was added 
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and the mixture stirred 0.5h. The mixture was extracted with methylene 
chloride, dried (Na2S04), and evaporated. The solid was triturated with 
ether, coUected and dried to give the title compound. 

5 IH NMR (CDC13): 5 I -2.65 (m,10H); 3.88-4.05 (m,4H); 4.80 (m,4H)- 
7.70 (b,lH) 

Mass spectrum m/e = 2 (M+ 1 ) 

10 StgpP; 3,4,4a.7,8.8a-Hexahvdro-Qmnoli n -2r:i{.-6r5I < ione-6-ethvlenp 
ketal 

A suspension of 3,4,7,8-tetrahydro-quino :(1H)-6(5H)- 
dione-6-ethylene ketal (0.5 g, 2.39 mmol) in ethanol (. iL) in the 
15 presence of 5% rhodium / alumina (0.5 g) was hydrogeiiuted at 50 psi for 
2.5 h. The catalyst was removed by filtration through Celite and 
evaporated to give the title compound. 

iH NMR (400 MHz, CDCI3): 6 1.45-2.45 (m.l IH); 3.55 (m,lH); 3 94 
20 (m,4H); 5.74 (b,lH); 5.95 (b,lH) 

Mass spectrum m/e = 212 (M+1) 

Stgp C; 2-ynTino-OrTahYdro-Quinolin-fif5m-nn e -6-ethv1enP 
25 hvdrochlnriHft 

To a solution of 3.4,4a,7,8.8a.hexahydro-quinoUn-2(lH)- 
6(5H)-dione-6-ethylene ketal (100 mg. 0.47 mmol) in methylene chloride 
(2 mL) was added trimethyloxonium tetrafluoroborate (77 mg, 0.52 
30 mmol) and the mixture stirred at room temperature for 1 8 h. Tlie reaction 
mixture was dUuted with ethyl acetate (25 mL), neutralized with 
saturated sodium carbonate, the aqueous layer washed with ethyl acetate, 
and the combined organics washed with brine, dried (Na2S04) and 
evaporated below room temperature to give a crude oU. The oil was taken 
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up in ethanol (2ml), ammonium chloride (18mg, 0.33mmol)was added 
and the mixture refluxed for 3 h. The reaction mixture was evaporated to 
dryness, the residue triturated with ethyl acetate and purified by flash 
chromatography using (80:20:2) acetonitrile: water: acetic acid as eluant 
5 to yield the tide compound. 

iH NMR (400 MHz, CD3OD): S 1.60-2.73 (m.llH); 3.63 (m,lH); 3.93 
(m,4H) 

10 Mass spectrum m/e = 211 (M+1) 



EXAMPLE 107 

^«-<rN NH HCI 
15 H H 

2-Iniino-octahvdr o-quinolin-6r5HVone hydrochloride 
Step A: Hexahvdro-quinolin-2flH).6(5H)-dione 

20 

A solution of 3,4,4a,7,8,8a-hexahydro-quinolin-2(lH)- 
6(5H)-dione-6-ethylene ketal (prepared as described in Example 106,Step 
B), (300 mg, 1.42 mmol) in 80% acetic acid / water (8 mL) was heated at 
65 **C for 1 h, evaporated to dryness, and coevaporated with toluene to 
25 give a solid. Purification was accomplished by flash silica gel 

chromatography using 3% methanol / methylene chloride as eluant to 
give the title compound. 

iH NMR (400 MHz, CDCI3): 5 1.60-2.50 (m, 1 IH); 3.78 (m,lH); 6.60 
30 (b,lH) 

Mass spectrum m/e =168 (M+1) 
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Stgp g; 2-fmjnQ-0(?tahV(1ro-miinolin-6r5H>-^^ e hvHrnrhl^riH^ 

The above compound was prepared in a similar fashion as 
Example 106, Step C. but substituting hexahydro-quinolin-2(lH),6(5H)- 
dione in place of 3,4,4a,7,8,8a-hexahydro-quinolin-2(lH)-6(5H)-dione-6- 
ethylene ketal to yield the tide compound. 

IH NMR (400 MHz, CD3OD): 5 1.70-2.64 (m,10H); 2.73 (m,lH); 3 97 
10 (m,lH) 

Mass spectrum m/e s= 167 (M+1) 



15 



20 



EXAMPT F 



CHb^O 



^^f^-^NH HCl 



^Imino-f^fl^ery|c>XY-^l>de^flhvdroauinnlin.tT y^^^ |^| ^ ^ 



ethylene Ic^^^] 



25 Exan^nl. 1 ^ t ^^'"P^""^ P'^P^^ a similar fashion as 
25 Example 106, Step B. but was fractionaUy crystallized from ethyl acetate 
to give greater than 96% cis isomer as the tiUe compound. 

400MHz • H NMR (CDCI3): 6 1 .45-2.45 (m, I IH); 3.55 (m, IH); 5.80 (b. 

30 
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The above compound was prepared in a similar fashion as 
Example 107, Step A, to give the title compound. 

iH NMR (CDCI3): 5 L70-2.50 (m, IIH); 3.78 (m, IH); 6.57 (b, IH) 

5 

Step C: 6*Hvdr oxv-cis>f4a,8 aVoctahvdro-quinolin-2f IHVone 

To a solution of cis-hexahydro-quinolin-2(lH),6(5H)-dione 
(50 mg, 0.30 mmol) in methanol (1 ml) cooled to 0 was added sodium 
10 borohydride (11 mg, 0.30 nmiol) and the solution stirred for 0.5 h. Water 
(0.25 ml) was added and the reaction mixture was evaporated to give the 
cmde tide compound. 

iR NMR (400 MHz, CD3OD): S L32-2.00 (m,10H); 2,28 (m,2H); 3.54 
15 (m,lH);3.64(m,lH) 

Step D: 6-Acetvloxv-cis-(4a.8aVoctahvdro>quinolin-2(lHVone 

To a mixture of crude 6-hydroxy-cis-(4a,8a)-octahydro- 
20 quinolin-2(lH)-one (203 mg, 0,86 mmol) in methylene chloride (5 mL), 
was added pyridine (2,8 mL), acetic anhydride (1 .4 mL), and 4- 
dimethylaminopyridine (23 mg). After 6 h the reaction mixture was 
diluted with methylene chloride (50 mL), washed with water, saturated 
sodium bicarbonate, brine, dried (Na2S04), and evajwrated to give a pale 
25 yellow solid. It was subjected to flash chromatography using 2% 
methanol / methylene chloride as eluant to give the tide compound. 

iH NMR (400 MHz, CDCI3): 5 L56-2,02 (m, 12H); 2.35 (m, 2H); 3.55 
(m, IH); 4,75 (m,lH); 5.74 (b,lH) 

30 

Mass spectrum m/e = 212 (M+1) 

Step E: 2-Imino-6-acetvlox v*cf5-decahv droquinoline hvdrochloride 
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The above compound was prepared in a similar fashion as 
£xample 106, Step C. but substituting 6-acetyloxy-cis-(4a,8a)-octahydro- 
qumohn-2(lH)-one in place of 3.4.4a,7,8,8a-hexahydro-quinolin-2(lH)- 
6(5H)-dione-6-ethylene ketal to yield the title compound. 

IH NMR (400 MHz, CD3OD): 5 1.50-2.20 (m,12H); 2.65 (m,2H)- 3 64 
(m,lH);4.80(m,lH) v , a • 

Mass spectrum m/e = 211 (M+1) 



30 



EXAMPI.R lOQ 

^^[j^NH HCI 

Ammonia gas was bubbled to a solution of 2-imino-6- 
acetyloxy-cis-decahydroquinoline hydrochloride, prepared previously as 

ml) at 0 C for 5 mm. ITie reaction Hask was stoppered and stirred at 0 «C 
for 3 h and at room temperature for 72 h. The reaction was evaporated to 
dryness and purified by flash chromatography using (80- 16 2) 
acetomtrile: water acetic acid as eluant to give the title compound. 

IH NJ^ (4O0 MHz. CD30D): 5 1.28-2.13 (m,10H); 2.63 (m,2H); 3.60 
(m,lH); 3.68 (m, IH) 

Mass spectrum m/e = 169 (M+1) 
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CH3O 



6a 



NH HCI 



HO 



NH HCI 



2-Iminc>-5-methoxv-cis-perhvdro-pvrindene hy drochloride rExample 
UP) 2-imino-5-hvdroxv-cis-perhvdro-pvrindene hydrochloride 

5 (Examplg 111) 

Step A: 3.4.6.7-Tefrahvdro-pyrin dene-2riH)-5-dione 

A mixture of 1,3-cyclopentanedione (20 g, 0.20 mol), 
10 acrylamide (29 g, 0.41 mol), and p-toluenesulfonic acid monohydrate 
(2.3 g, 0.01 mol) in N,N-dimethyIacetamide (20 mL) was heated at 85 
for 18 h and 150 for 3 h. The reaction mixture was cooled, water (100 
mL) was added and stirred for 0.5 h. Methylene chloride (1(X) mL) was 
added, the layers were separated, the aqueous layer washed with 
1 5 methylene chloride, the combined organics dried (Na2S04) and 

evaporated to give a gum. Purification by flash chromatography using 2% 
methanol / methylene chloride as eluant gave the tide compound. 

iH NMR (400 MHz, CDCI3): 5 2.52 (m, 4H); 2.62 (m, 4H); 8.32 (b. IH) 

20 

Mass spectrum m/e =152 (M+1) 

Step B: 5-Hvdroxy-cis-perhvHrn-pvrinden-2nH-t-nn^ 

25 A suspension of 3,4,6,7-tetrahydro-pyrindene-2( 1 H)-5-dione 

(2.8 g, 0.19 mol) in ethanol (150 mL) in the presence of 5% rhodium / 
alumina was hydrogenated at 50 psi for 18 h. The catalyst was removed 
by filtration through Celite and evaporated to give the title compound. 

30 1 H NMR (400 MHz, CDCI3): 5 1.69-1.95 (m, 7H); 2. 14-2.33 (m, 2H); 
2.47 (m, IH); 3.74 (m, IH); 4.33 (m,lH); 4.33 (m,lH); 6.04 (b, IH) 
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Compound A: 2-Iniino-5-methoxv-ci s-perhvdro-pvrindene hydrochloride 
Compound B: 2-Imino-5-hvdroxv-ci s-perhvdro-pvrindene hydrochloride 

The above compounds were prepared in a similar fashion as 
5 Example 106, Step C, but substimting 5-hydroxy-cis-perfiydro-pyrinden- 
2(lH)-one in place of 3,4,4a,7,8.8a-hexahydro-quinolin-2(lH)-6(5H)- 
dione-6-ethylene ketal. Purification by flash chromatography using (80: 
8: 2) acetonitrile: water: acetic acid as a eluant separated the above two 
title compounds A and B; 

10 

Compound A: 1h NMR (400 MHz, CD3OD): 5 1.70-2.10 (m,8H); 2.47 
(m,3H); 2.70 (m.lH); 3.85 (m, 2H) 

Mass spectrum m/e =169 (M+1) 

15 

Compound B: iH NMR (400 MHz. CD3OD): 5 1.70-2.10 (m,7H); 2.34- 
2.52 (m.2H); 2.75 (m,lH); 3.85 (m,lH); 4.29 (m,lH) 

Mass spectrum m/e =155 (M+1) 

20 



EXAMPLE 112 




H 

EXAMPLES 



L-776,009-001V 
2^toMQpjg^jwd roxy-4^^ 

30 

StgP A; 4^-Mgthy1-3 4.6.7-tetrahvdro-Quino1in-2n HV5r4aHVdinnP. 
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The title compound was obtained from 2-methylcyclohexane-l,3- 
dione and acrylamide by the method described in example 110, step A. 

iH NMR (CDCI3): 7.77 (br. IH), 5.14 (dd, 1 H), 2.78 (m, IH), 2.58 (m, 
5 2H), 2.53 (m, IH), 2.43 (m, 2H), 2.04 (m, IH), 1.80 (m, IH), 1.38 (s, 
3H). 

Mass spectrum m/e =180 (M+1) 

10 

Step B: 5-Hvdroxv-4a-methvl-tran s-r4a.8aVoctahvdrQ-quinolin-2nHV 
one 

The title compound was obtained from 500 mg of 4a-methyl- 
1 5 3,4,6,7-tetrahydro-quinolin-2( 1 H),5(4aH)-dione by the method described 
in example 1 10, step B with the following additions: The crude solid was 
purified by silica gel chromatography on a 21 x 130 mm colunm eluting a 
gradient from 0 to 5% methanol in methylene chloride to afford 185 mg 
of the tide compound. 

20 

iH NMR (CDCI3): 5.64 (br, IH), 3.37 (dt, IH), 3.08 (dd, IH), 2.47 (m, 
2H), 2.1 1 (m, IH), 1.80 (m, 2H). 1.57 (m, 2H), 1.46 (m, 4H), 0.95 (s, 
3H). 

25 Mass spectrum m/e = 1 84 (M+1) 

Step C: 2-Imino-5-hvdrQXV-4a-methvl-trans-r4a.8aVdecahvdroquinn1ine 
hydrochloride 

30 

The tide compoimd was obtained from 180 mg of 5-hydroxy-4a- 
methyl-trans-(4a,8a)-octahydro-quinolin-2(lH)-one by the method 
described in examples 2 and 3. 
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iH NMR (CD3OD): 3.36 (dt, IH), 3.12 (dd, IH). 2.70 (dd, 2H), 2.08 (m, 
IH). 1.83 (m. IH), 1.70 (m, 2H), 1.57 (m. 2H), 1.44 (m, 2H). 0.87 (s. 
3H). 

5 Mass spectrum m/e = 183 (M+1) 



EXAMPT.Fin 
CH3 



10 H '^^ 



2-Iminp-.^-f)\ioro-5-methvl-cis-f4a.8aVdecahvHr o auinQlin6^ hvdrochloriHp 
StgP A; ■ 5-FluorO-5-methvl-cis-(4a.8a W tahvdro-qinnolin-2n m-nnP 

To a solution of 150 mg (0.82 mmol) of 5-hydroxy-4a-methyl- 
trans-(4a,8a)-octahydro-quinoUn-2(lH>one in 2 mL methylene chloride 
at 0 oc was added 0.108 mL (0.82 mmol) diethylaminosulftir trifluoride 
dropwise. After stirring for one hour, apply reaction mixture directly to a 
20 21 X 300 mm silica colunm and purify by eluting with 20% 

acetone/methylene chloride to afford 55 mg of the tide compound as a 
4: 1 mixture of cis:trans diastereomers. 

iH NMR (CDCI3): 6.19 (br, IH), 3.31 (dt, 1 H), 2.51 (m, IH), 2.28 (m, 
25 IH), 2.21-1.90 (m, 5H), 1.85-1.50 (m, 4H), 1.40 (d, J = 22 Hz, 3H). 

Mass spectrum m/f 1 86 (M+ 1 ) 
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The title compound was obtained from 55 mg of 5-fluoro-5- 
methyl-cis-(4a,8a)-octahydro-quinolin-2(lH)-one by the method 
described in Examples 2 and 3. 

5 IH NMR (CD3OD): 3.57 (dt, IH), 2.67 (m, 2H), 2.20 (m, 2H), 2.08 (m, 
IH), 1.95 (m, IH), 1.88-1.68 (m, 5H), 1.44 (d. J = 23 Hz, 3H). 

Mass spectrum m/e =185 (M+1) 

10 

FX AMPLE 114 



o 




NH HCI 



15 5-Acetoxv-2-imino-cis-r4 a «aVdecahvdroQuinoline hydrpchlorid? 
,Sr fP A- S-Acetoxv- c is-f4a,8aVoctahvdroquinQlin-2(lH)-Qng 

To a solution of 100 mg (0.59 mmol) of 5-hydroxy-cis-(4a,8a)- 
20 octahydroquinolin-2(lH)-one (prepared as shown in Example 1 10, Step 
A and B) in 1 mL pyridine at 25 was added 0.046 mL (0.65 mmol) 
acetic anhydride and 8 mg dimethylaminopyridine. After stirring for 16 
hours, apply reaction mix directiy to a 21 x 130 mm silica column and 
purify by eluting a gradient from 0 to 5% methanol/methylene chloride to 
25 afford 80 mg of the title compound as a cis racemate. 

iH NMR (CDCI3): 6.19 (br, IH), 4.88 (m. IH), 3.41 (m, 1 H), 2.47 (m, 
IH), 2.35 (m, 2H), 2.05 (s, 3H), 1.77 (m. 5H), 1.45 (m. 2H), 1.30 (m, 
IH). 

30 

Mass spectrum m/e = 212 (M+1) 
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-r4a.8aVr 



(m, 2H) 

Mass spectrum m/e = 21 1 (M+1) 



15 



HO 



6a 



N^NH HCI 



purify bv elurina 8n. i ^ .i to a 8 x 50 mm silica column and 

2H). '^"^'^•''(°^'2H), 1.66 (m.2H). 1.35 (m. 

Mass spectrum m/e = 1 69 (M+1 ) 
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E X A MP LE H 6 



5 




2-Imino-Qctah vdroquinolin-7(8HVone-7-ethvlene ketal hydrochloride 
Step A: Y-Acetvl-7-ethoxvpimelonitrile 

10 

To a 50 mL round bottom flask fitted with a Teflon stirrer 
were added 13 gm (100 mmol) of ethyl acetoacetate, 15 mL of tert- 
butanol and 7.5 mL of benzyltrimethylammonium hydroxide (Triton B™, 
40 % by weight) in methanol. The solution was cooled to 4 OC with ice 

15 and added dropwise over 10 min 10.6 g (100 mmol) of acrylonitrile 

keeping the solution temperature <20 ©C. The reaction was stirred for 4 h 
at 25 oc. The product falls out of solution and the mixture became a 
solid mass. Cold water (100 mL) was added to suspend the precipitate 
and filtered. The crystalline product was washed with 2X 20 mL of ice 

20 water and dried under reduced pressure at 60 overnight to recover 
18.5 g (78%) of product. 

iH NMR (400 MHz, CDCI3) 6 1.30(t, 3H, J=7 Hz); 2.1-2.4(m. 8H); 
2.19 (s, 3H); 4.27 (q, 2H. J=7 Hz). 

25 

Step B: 3.4.4a.5-Tetrahvdroquinnlin -2riHV7f6H>-dione 

This procedure is taken from C. F. Koelsch et al. 7. Am. 
Chenu Soc, 1959, 72, 346. y-Acetyl-y-ethoxypimelonitrile (18.5 g) was 
30 treated with a hot solution (120 ^C) of 41 mL of concentrated sulphuric 
acid and 18 mL of water. After heating at 140 OC for 15 min, the 
solution was poured into 200 mL of ice water with mechanical stirring 
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and added CaCOs until the pH> 6.0. The precipitated CaS04 was 
filtered and washed with 3X 100 mL of water. The water was removed 
under reduced pressure and the residue was recrystallized from boiUng 
water to recovered 4.5 g (36%) of product; (Lit. yield= 42%) mD=233- 
235 oc (Lit = 234-235 
OC). 

IH NMR 400 MH2(CDC13) 5 1.55-1.85(m, 2H); 2.0-2.1(m, IH)- 2 15- 
2.25 (m, IH); 2.35-2.7 (m. 5H); 5.40 (s, IH); 7.90 (bs, IH). 



A mixture of the vinylogous imide 3,4 4a,5- 
tetrahydroquinolin-2(lH)-7(6H)-dione (1.30 gm. 7.9 mmol) . ethylene 
glycol (4.7 mL), p- toluenesulphonic acid (100 mg), and benzene (200 
mL) was heated under reflux with stirring using a Dean Stark water 
separator for 40 h. After the solvent was removed under reduced 
pressure, the resulting residue was extracted with chloroform The 
extract was washed with saturated NaHC03 and brine, evaporated to give 
a sohd which was chromatographed on silica gel (95/5 - CH2C[2/ 
MeOH). Chromatography gave 980 mg of product. Yield=60%. 

IH NMR (400 MHz. CDCI3) 6 1.7-1.8(m, 3H); 2.0-2.1(m, IH); 2.1-2.2 
(m, 5H); 2.4-2.5(m, 2H); 3.97 (s, 4H); 7.28 (bs, IH). 

Step P; H<^7rahydro-nuinolin-'?riHV7r«H^-H^ ^ n o 7-efhviPn^v.t p l 

The product of step C (980 mg, 4.7 mmol) was 
hydrogenated over 5% Rhodium/alumina (1.0 g) in 10 mL of ethanol at 
50 psi for 18 h. The catalyst was filtered from the solution and the filtrate 
evaporated under reduced pressure. The solid was chromatographed on 
silica gel (97/3 - CH2CI2/ MeOH) and 570 mg of the desired pTLct was 
recovered along with 150 mg of starting material, mp=171-1730. 
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iH NMR 400 MHz(CDCl3) 5 1.4-2.3 (m, 9H); 2.4-2.55(m, 2H); 3.75(m, 
IH); 3.9 (bs, 4H); 6.2 (bs. IH). 

Step E: 2-Methoxv-hexahydro-quinol in-7(8HVone-7-ethvleneketal 

5 

In a 10 mL round bottomed flask fitted with a stirrer bar 
were added 100 mg of 3 A molecular sieves (Linde), 4 mL of methylene 
chloride and 162 mg of trimethyloxonium tetrafluoroborate (1.1 mmol) 
and cis-octahydro-quinoline-2 -one,7-ethyleneketal (211 mg, 1.0 mmol). 
10 The mixture was stirred under N2 for 4 h at 22 OC. The solution was 
diluted with 10 mL of CH2CI2 and washed with 2 x 5 mL of 5% 
NaHC03. The organic layer was dried over MgS04, filtered, and 
concentrated. Recovered 190 mg of a cream colored solid which by 
NMR was the desired product. 

15 

IH NMR 400 MHz(CDCl3) 6 1.3-1.65(m, 5H); 1.8-1.9(m, 3H); 
2.03(ddd, IH, J=14Hz, J=7Hz, J=3Hz); 2.2 (m, 2H); 3.61 (s, 3H); 
3.77(bd, IH); 3.9-4.0 (m, 4H). 

20 StgP F: 2-Imino-OCtahvdroQuinolin-7rR HVone-7-ethvlene ketal 
hydrochloride 

In a 25 mL glass pressure bottle fitted with a Teflon stirring 
bar were added iminoether (180 mg, 0.8 mmol), ammonium chloride (39 
25 mg, 0.72 mmol) and 2 mL of ethanol. The tube was sealed and heated at 
100 OC overnight. The solvent was removed in vacuo and added ethyl 
acetate when the product precipitated. The solid was filtered and dried to 
recover 120 mg of the hydrochloride salt. 

30 lHNMR400MHz(CD3OD) 5l.55-1.62(m, IH); 1.63-1.88(m, 5H); 
1.925 (d, IH, J=2Hz); 1.936 (d, IH, J=2Hz);2.1(m. IH,); 2.65(dt, 2H, 
J=10 Hz, J=2.5 Hz); 3.77 (m, IH). 

Mass Spectrum m/e = 207 (M+1). 
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EXAMPIRH? 



NH HCI 



10 



2-IminO-0<;tahvdro-ouinolin-7rRHVn n e hydrnchlntj^ y 
Step A; cis-Octahvdromiinolin-2nHV7rRl^V^ jo n r 



Hexahydro-quinolin-2( 1 H),7(8H)-dione,7-ethyleneketaI 
(160 mg, 76 mmoL) was suspended in 5 mL of 2N HCI and stiired 
overnight at room temperature. Then solid K2CO3 was added to 
neutraUze the solution. The solvent was removed under reduced pressure 
15 and the residue extracted with chloroform. The CHCI3 solution was 
concentrated under reduced pressure and the residue recrystallized from 
EtOAc and hexane. Recovered 110 mg of product. 

IH NMR (400 MHz. CDCI3) 8 1.8-2. l(m, 5H); 2.3-2.45(m. 5H); 1.65 
20 (dd, IH. J=17Hz. J=6H); 3.95(m, IH); 6.15 (bs. IH). 

StepB: 2-Methoxv-hp,xahvdrf>-q.iir^ olin-7r8HVnnP 

This product was made by the procedure described for step 
25 E of example 116. 

iH NMR (400 MHz, CDCI3) 5 1.75-1.9(m. 4H): M-2.17(m, IH); 2.19 
(t, IH. J=6Hz); 2.30(t. IH. J=6 Hz); 2.41 (dd,lK .16 Hz, J=7 Hz); 2 67 
(dd.lH. J=14 Hz, J=5 Hz); 3.58 (s. IH); 3.89 (m, IH). 



30 



Step C; 2-TininO-OCtahvdro-quinoli^ - 7f8H>-nne, hvdrochloridft 
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This product was made by the procedure described for step F 
of example 116. 

iH NMR (400 MHz, CD3OD) 6 1.9-2.0(m. 3H); 2.04(m. IH, J=7Hz); 
5 2.4-2.5 (m, 3H); 2.58(dd, IH, J=12 Hz, J=7 Hz); 2.65-2.8 (m, 3H); 4.0- 
4.07 (m. IH). 



EXAMPLE U 8 

10 

xxxx 

H 

7-Acetvloyv-2-imino-trans-(4a.8a)-decahvdroquinoline hydrochloride 

13 Step A; 7-Hvdroxv-octahvdro-trans-(4a.8aVquinolin-2flHVQne 

3,4,4a,5-TetrahydroquinoUn-2(lH)-7(6H)-dione (2.92g, 17 
mmol) was added to a small Parr pressure bottle with 220 mg of platinum 
oxide and 75 mL of acetic acid. The solution was pressurized to 50 psi 

20 with H2 and shaken for 18 h. The catalyst was removed by filtration and 
the acetic acid stripped off under reduced pressure. Two major products 
were observed by TLC (97/3 CH2Cl2/MeOH). The lower Rf material, a 
mixture of 4a,8a- cis and trans ring junction 7-oI's (400 mg) was isolated 
by column chromatography (97/3 CH2Cl2/MeOH). This material was 

25 further purified by recrystallization from ethyl acetate whereupon the 
trans-4a,8a-ring junction -7-ol crystallized out of solution (7-OH 
configuration unknown). 

lHNMR400MHz(CDCl3)5 1.05.1.15(m, IH); 1.2-1.7(m, 5H); 1.7-1.8 
30 (m, 2H,); 1.95-2.15 (m, 2H); 2.3-2.5 (m, 2H); 2.65 (bs, IH, -OH); 2.95 
(m. IH); 3.7 (m, IH); 6.45 (bs, IH). 

Step B; 7-Acetvloxv-octahvdro-trans-(4a.8aVquinolin-2flHVone 
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7-Hydroxy-octahydro-trans-(4a,8a)-quinolin-2(lH)-one (89 
mg, 0.82 mmol) was dissolved in 5 mL of pyridine. After cooling to 4 
OC acetyl chloride (1 16 jiL) was added dropwise with stirring. The 
reaction was stirred 20 minutes, the solvent was removed in vacuo, then 
added 10 mL of CH2CI2 and washed with 2x2 mL of 2 N HCI. The 
organic layer was dried over MgS04. The filtrate was reduced in volume 
and chromatographed (97/3 CH2Cl2/MeOH) to give 51 mg of the tide 
compound. 

iH NMR (400 MHz, CDCI3) 6 1.2(dq, IH. J=12 Hz, J=3Hz); 1.3-1.5(m, 
5H); 1.75-1.85 (m, 2H,); 2.01 (s, 3H); 2.0-2.05 (m.lH); 2.1-2.15 (m IH)- 
2.3-2.5 (m, 2H); 3.0 (m, IH); 4.7 (m. IH); 6.25 (bs, IH). 

Stgp C; 7-Arm]0yy-^.-meth0XV-ortahvdm-tn.n«-Mf ^.8a>-q .nnnlin^ 

7.Acetyloxy-octahydro-trans-(4a,8a)-quinolin-2(lH)-one 
was converted to the above compound as previously described in step E 
of example 116. 

IH NMR (400 MHz. CDCI3) 5 1.0-1.2(m, 2H); 1.22-1.35(m, IH); 1 35- 
1.45 (m, 2H.); 1.72-1.8(m. 2H); 2.02 (s, 3H); 2.2-2.3 (m. 2H); 2.4-2 5 
(m.lH); 2.85-2.9 (m, IH); 2.95 (m. IH); 3.61 (s, 3H); 4.82 (m, IH). 

2^ Stgp P; 7-ArmlPXV-2-imino-trans-r4ii R«^-H^ ^i ^vdrnq nino1^^- 

hvdrochlnrj^y 

7-Acetyloxy-2-methoxy-octahydro-trans-(4a,8a)-quinoline 
was converted to the tide compound as prevousi y described in step F of 
30 example 116. 

IH NMR (400 MHz, CD3OD) 5 1.25-1.35(m. IH); 1.4-1.55 (m, 4H )• 
1.85-1.95(m, 2H); 2.02 (s, 3H); 2.0-2.15 (m,lH); 2.33-2.4 (m IH)- 2 7- 
2.8 (m, 2H); 3.1-3.2 (m, IH); 4.8-4.9 (m, IH). 



20 
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FX AMPLE 119 



HO''^-'''^N'^NH HCI 
5 " 

7-Hvdroxv-2-imino-trans- r4a SaVdecahvdroquinolinc. aggtic apid s^t 

7-Acetyloxy-2-iimno-trans-(4a,8a)-decahyciroquinoline 
10 hydrochloride (28 mg, 0. 12 mmol) was added to 1 mL of methanol in a 2 
dram vial. The solution was cooled to 4 OC and anraionia gas was slowly 
bubbled in with vigorous stirring. The vial was sealed and the solution 
let stand at 4 overnight. The next morning, the solvent was removed 
under reduced pressure and the residue chromatographed over silica gel 
15 (17/2/1 - acetonitrile/water/acetic acid). The title compound was 
recovered (Rf=0.25. 7mg). 

iH NMR (200 MHz, CDCI3) 5 1.20-1.60(m, 5H); ; 1.8-1.9(m, 2H); 
1.95-2,1 (m,2H); 2.3-2.4 (m, IH); 2.7-2.8 (m, 2H); 3.1-3.2 (m, IH) (9P- 
20 proton); 3.6-3.8 (m, IH). 

Mass Spectrum m/e =169 (M+1) 
25 EXAMPLE 120 




NH HOAc 



7-/^cetvloxv-2-iniino-decahvdroquinoline. ac etic acid salt 

30 

Step A: 7-Acetvloxv-octahvdr o-quinQlin-2f lH)-one 
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'7-Hydroxy-octahydro-quinolin-2(lH)-one Cn/? raring O'^n 
^ catalyzed hydrogenauon of 3.4,4a,5-tetrahydroqmnoIin-2n m 7ffiH^ 

^'t 8 mi,j at 0 oc. After 6 h, no starting material was seen bv TLC Th, 
solvent was removed under reduced pre..,.re. Methylene cUo^d^ n^ 

10 l'oZ:^:is"':r:f^^ ^•^chw^ .^uentiaUywashedatT^S 
uu- oi water, 23 mL of 5% sodium bicarbonate and 2x 25 .nt 
brme. After dryinff over M.<!n^ .1, ■ ■ ^ mL of 

vol„m. J^'"^ overMgS04. the solution was filtered and reduced in 
volume. Chromatography (96/4 CH2Cl2/MeOH) gave 160 mg of a 60/40 
mixture ofcis/trans isomers (by NMR). «>" mg ot a 60/40 

15 IH NMR (400 MHz, CDCI3) 8 2.007 (s,3H) (cis acetyl)- 2 013 (s 3H) 
(trans acetyl); 3.0 (m, IH); 3.75 (m, IH). 

20 converted ,0 ™'i»-2(IH)-o„e (120 mg) was 
l^Tl °6 """P"-""" ^ P«viously described in Step E of 

25 ^•^' '^ i^"m ?-imino-(|.rf>hvrtrn...n..in, n ~tirnrii „ili 



30 



Mass Spectrum m/e = 21 1(M+1). 
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^^-'^PI'^NH HCI 

2-Imino-3-Methvl-octahvdro-cis-pvra noM.3-fc/-pvridine hydrochloride 

5 Step A: Benzvl-(tetrahvdro-pvra n-4-vlidene'>-amine 

A solution of tetrahydro-('^//>pyran-4-one (10 g, 100 
mmol), benzylamine (10.7 g, 100 mmol), and 50 mL of toluene was 
heated to reflux with a Dean-Stark trap under N2 for 20 h. The mixture 
1 0 was cooled and the solvent removed under reduced pressure. The residue 
was distilled under reduced pressure (105-107O, 0.09mm Hg) and 5.6 g of 
product was isolated, yield=30%. The bulk of the reaction mixture 
poljmierized during distillation. 

15 iH NMR (200 MHz. CDCI3) 5 2.5 (q,4H, J=8 Hz); 3.73-3.83 (t, 2H, 
J=8Hz); 3.85-3.95 (t. 2H, J=8Hz); 4.58 (s,2H); 7.2-7.4 (m, 5H). 

Step B: l-Benzvl-3-methvl-1.3 .4.5.7.8-hexahvdro-pvranoM.5-fe/pvridin- 
2-one 

20 

To a solution of benzyl-(tetrahydro-pyran-4-ylidene)-amine, 
(950 mg, 5 mmol) in a glass wall pyrolysis mbe was added methyl 
methacrylate (750 mg, 7.5mmol, 1.5 equiv). This mixture was heated for 
5 days. Then another 1.5 g of methyl methacylate was added (15 nrniol, 
25 2 equiv) and heating continued for 4 more days. The mixture was 
transferred to a round bottomed flask and the volatile component 
removed under reduced pressure. The residue was chromatographed 
(80/20 hexane/ethylacetate) and a lower Rf spot (530 mg, UV active on 
fluorescent treated silica gel plate) was isolated. 

30 

iH NMR (400 MHz, CDCI3) 5 1.25(d,3H, J=7 Hz); 1.9-2.0 (m. IH); 2.1- 
2.17(m, 2H); 2.1-2.17(m, IH); 2.6-2.7 (m, IH); 3.68-3.75 (m, IH); 3.75- 
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20 



r » ^-^2 (d,lH. J=16 hZ); 4.92 (d IH 

J=I6 Hz); 7.12 (d. IH. J=7 Hz); 7.20 (,. IH. J=7 Hz); 7.25-7.29 (m sS. 




25 



30 



K1 o '■^"^5'I-3-methyl-l,3,4,5,7,8-hexahydro-pyrano[4,3- 

b]pynd,„-2.o„e (570 mg. 22.2 mmol) was dissoved in eftanol 10 mL) 

20 h -^^ . f • """^ pressurized to 60 psi and shaken for 
20 h. TTie catalyst was filtered and the filtrate reduced in volume TTuee 
separate spots were observed by TLC (65/35 hexane/ EtOAc). T^e uT 
acdve denvauve was isolated by flash chromatography (90 mg)a^d 
shown to be the desired product by NMR. ^' 

'H NMR (400 MHz. CDCI3) 8 1.30 (d.3H, J=7 Hz); 1 7-1 8 (m IH)- 
I '"^^ 2-45.2.55 mfm' 3 24 (d ' IH 

21, ^ :7. 5'^= 5Hr ^='^ 



one (90 m. nf/'^^^^:"'*^'"~'^y*°-'=^-Py^°H.3-bJpyridin-2- 
?enl? H ^' K P'"""* i» * 25 mL 3-neck flask fiL with a 

snea with N2 and ammoma was condensed into the flask (15 mL) 
TT^en sodium metal was added portionwise into the solution untU a blue 

w:::^a^'u.=™ertS';irsri^^"^^ 

mca gei (^8/2 CH2Cl2/MeOH) to recover 22 mg of product. 



BNSDOCID: <WO 96l4e44A1J 



wo 96/14844 



PCr/US95/14812 



- 169 - 

iH NMR (400 MHz, CDCI3) 5 1.18 (d,3H, J=10 Hz); 1.7-1.85 (m, 4H); 
2.0-2.1(m. IH); 2.35.2.45 (m, IH); 3.35-3.4 (m, IH); 3.5-3.6(m, IH); 
3.62 (dd,lH, J=12 Hz, J=3 Hz); 3.77(d,lH, J=12 Hz); 3.75-3.80 (m, IH). 

5 Step E: 2-Methoxv-3-me thvl-hexahvdrQ-cis f4//)pvranoM.5-fe /pyridine 

3-Methyl-octahydro-cis-pyrano[4,3-b]pyridin-2-one (22 mg, 
0. 14 mmol) was converted to the imino ether by the method as previously 
described in step E of example 1 16 to recover 20 mg of product. 

10 

iH NMR 200 MHz(CDCl3) 6 1.14(d,3H, J=7 Hz); 1.3-1.5 (m, IH); 1.6- 
1.9 (m, 5H); 2.2-2.4(m, IH); 3.37 (dt, IH, J=12 Hz, J=2 Hz); 3.5-3.62 (m, 
IH); 3.61 (s, 3H); 3.6-3.7(m, IH); 3.8-3.9 (m, IH). 

15 Step F: 2-Im ino-3-Methvl-octahvdro-cis-pvranoA4.5-!? /-pyridine 
hydrochloride 

2-Methoxy-3-methyl-hexahydro-cis (4H)pyrano[4,3- 
bjpyridine (20 mg, 0.1 mmol) was converted to the above compound as 
20 prevously described in step F of example 116. 

1h NMR (400 MHz, CD3OD) 5 1.18-1.25 (m. IH); 1.36 (d,3H, J=7 Hz); 
1.7-1.9(m, 4H); 2.0-2.1 (m, IH); 2.8-2.9(m, IH); 3.425 (dt, IH. J=12 Hz, 
J=3 Hz); 3.65-3.7 (m, IH); 3.6-3.7(m, IH); 3.7-3.8 (m, 2H); 3.9 (m, IH). 

25 

Mass Spectrum (M+l)=191. 



EXAMPLE 122 

30 




NH HCI 
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n ^ solution of benzyl-(tetrahydro-pyran-4-ylidene)-ainine. 

(3.0g. 26 nrniol) m a glass waU pyrolysis tube was added methyl 
crotonate (40g, 260 mmol. lOequiv) and heated for 7 days. The mixture 
was transfered to a round bottomed flask and the volatile component 
removed under reduced pressure. The mixture was chromatographed 
(75/25 hexane/ethylacetate) to give three spots. The hightest Rf material 
was the Michael addition adduct of benzyl amine to methyl crotonate 
The next lower Rf spot is 4-methyl-1.3,4.4a,5.7.hexahydro-pyrano/^ 3- 
i7;pyndm-2-ylidene-amine, the 8.8a unsaturated analog of the bicyclic 
pyran while the lowest Rf product is the desired intermediate (900 mg 
3.5 mmol) 

IH NMR (400 MHz. CDCI3) 5 1.02 «i,3H. J=6 Hz); 2.1-2.2 (m. IH)- 

If'.iit^^- T2: -""'^ ^' "^>- 3-65-3.70 (m. IH)] 

M ,t f -"""^ '•■65 (d.lH, J=16 Hz); 5.01 

(d.lH, J=16 Hz); 7.1-7.3 (m. 5H). 



25 l-B='>zy>-4-n>ethyl-l,3,4,5.7,8-hexahydro-pyrano/4 3- 

ft/pyndin.2-one (800 mg. 3.2 mmol) was debenzylated according to the 
the method of example 121. step D to recover 190 mg of product. 

30 I'lT^-,^^. f^' "^''^ * ''^ 2.14 (m. 2H); 2.27- 

t -,u', ?Ju^' -"^'^ 3-81(t. 2H. J=9 Hz); 4.10 

iq, J=I4 hZ). 



StgpC; 4-MPthyl-octahvdro-ris-nvrann^^ ^-^ ^n Ti T^i n ? 
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4-Methyl- 1 , 3,4,5,7, 8-hexahyciro-pyrano[4,3-b]pyridin-2-one 
(210 mg, L25 mmol) was hydrogenated using 5% rhodium on alumina as 
prevously described in example 121 step C for l-benzyl-3-methyl- 
octahydro-cis-pyrano[4,3-b]pyridin-2-one. Recovered 61 mg of product. 
5 The NMR indicated approximately a 9/1 ratio of the p/a 4-methyl 
product. 

iH NMR (400 MHz, CDCI3) 5 0.99 (d,3H, J=6 Hz); L53 (d, IH, J=18 
Hz); 1.95-2.1 (m, 4H); 2,34 (dd,lH, J=18 Hz, J=6 Hz); 3.44 (t, IH, J=12 
10 Hz); 3.53 (t, IH, J=12 Hz); 3.7-3.78 (m, 2H); 3.80 (dd, IH, J=12 Hz, 
J=5 Hz); 6.35 (bs, IH). 

Step D: 2-Methoxv-4*methvl-hexahvdro-cis, tran sr4H)pvranor4,3- 
bipyridine 

4-Methyl-octahydro-cis-pyrano[4,3-b]pyridin-2-one (60 
mg, 0.35 mmoL) was converted to the above compound as previously 
described in step E of example 1 16 for 2-methoxy-hexahydro-quinolin- 
7(8H)-one-7-ethyleneketal. A mixture of cis and trans ring junction 
derivatives was isolated. (20 mg). 

iH NMR (400 MHz, CDCI3) S 0.95 (d, 3H, J=7 Hz); 1.01 (d, 3H, J=7 
Hz); 1.36 (d,3H, J=7 Hz); 3.69 (s, 3H); 3.74 (s, 3H). 

25 Step E: 2'Imino-4-methvl-octahvdro -pvranoA4 .?- A /pyridine 
hydrpghlpri^g 

2-Methoxy-a,p-4-methyl-hexahydro-cis,trans(4H)pyrano- [4,3- 
b]pyridine (20mg) was converted to the above compound as prevously 
30 described in example 1 16,step F. 

iH NMR (400 MHz, CD3OD) 6 1.09(d, 3H, J=7 Hz); 1,03 (d,3H, J=7 
Hz). 
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Mass Spectrum m/e = 168.(M+1) 



EXAMPT.F171 

CHg 



j_i NH HOAc 



10 



acid sa|t 

Stgp A: 2-Mgthoxv-4-methvl-3.5.7 X-fP ^ ahvdro-4H-pvranor4,^- 
blDvridinft 



15 (42 mg, 0.25 mmoL). obtained in step A examplel22, was converted to 
the above compound as previously described in example 116 step E. 

IH NMR 400 MHz(CDCl3) 6 0.92 (d,3H. J=7 Hz); 2.1-2.15 (m, 2H)' 
2^2-2.6(m. 3H); 3.30 (d.lH, J=12 Hz); 3.80(s, 3H); 4.05-4.2(q. 2H, J=16 

20 hZ). 

Step P; ?-Tmino-4-Mfthvl-1.3.4 5 7 8-hexahvHro-p YrannA^ ?-fe/p Yri^j^^^ 
acetic acid 

2-Methoxy-4-methyl-3,5,7,8-tetrahydro-4H-pyrano[4,3- 
bjpyridine (16 mg. 0.1 mmoL) was converted to the above compound as 
prevously described in example 1 16 step F. 

iH NMR (400 MHz, CD3OD) 5 1.044(d, 3H. J=7Hz); 1.93 (s, 3H 
30 acetate protons); 2.2-2.3 (m, 2H); 2.4-2.47 (m, IH); 2.56 (dd, IH j=12 
Hz, J=6 Hz); 3.94 (dd,lH, L=16 Hz. J=5 Hz); 3.33(dd, IH. J=9 Hz 
J=2Hz); 3.84 (t IH. J=5 Hz); 4. 1 -4.23(m, IH). 
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Mass Spectrum m/e =167. (M+1) 



EXAMPLE 124 



ex. 



*N'^NH HCI 
CH3 

2-Imino- 1-methvl-piperidine hydrochloride 

This compound was prepared according to the procedure 
described by Rama Rao et aim Syn. Comm.: 18, 877-880 (1988). 



iH NMR (400 MHz, CD3OD): 5 1.89 (m, 4H); 2.62 (t. 2H); 3.14 (s, 3H); 
15 3.53 (t, 2H). 

Mass spectrum m/e =114 (M+1) 



20 EXAMPLE 125 



a 



N-( 1 -Bgn^yl-2-p^pgri<jiny^4gng)-N'-( phgnyl Vtf rea 

Step A: 2-Iniino- 1 -benzvl^piperidine tetrafluoroborate 

To a solution N-benzyl-valerolactam (1.3 g, 6.87 
mmol) in methylene chloride (25 mL) was added trimethyloxoniiim 
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tetrafluoroborate (1.12 g. 7.57 mmol). The reaction mixture was stirred 
overmght at room temperature under a nitrogen atmosphere. Dry 
ammonia gas was then bubbled through the reaction mixture for one 
hour, and the mixture was allowed to stand for an additional hour at room 
temperature. The mixture was evaporated under diminished pressure and 
dried in vacuo. The cmde product was used without further purification 
in Step B. 

^^^P ^ N-(l-Ben7v]-2-piDeridinvH dene)-N'-<-p h«»nY|>-»r-^o 

The fluoboric acid salt from Step A was treated with 
several mL's of 50% sodium hydroxide, and the free 2-imino-l -benzyl- 
pipenchne was extracted with benzene. TTie benzene layer was decanted, 
dried (K2C03). and evaporated to give an oil. 300 mg of the resulting oil 
was dissolved in methylene chloride (2.5 mL) and treated with 1 8- 
diazabicyclo[5.4.0]undec-7-ene (204 ^L, 1.36 mmol) and phenyl 
isocyanate (148 nL, 1.36 mmol). The reaction mixture was stirred 
overmght at room temperature, diluted with methylene chloride, washed 
with 2 H hydrochloric acid, saturated sodium hydrogencarbonate 
solution, saturated brine solution, dried (Na2S04), and evaporated The 
product was ciystaUized from ethyl acetate; yield 150 mg. 

IH NMR (400 MHz, (:DCI3): 5 1.76 (m, 4H); 3.04 (t, 2H); 3.25 (t 2H)- 
4.78 (s, 2H); 6.93-7.34 (m, lOH). v, a 

Mass spectrum m/e = 308 (M + 1 ). 



EXAMPT.F19(^ 
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N-('2-Piperidinvlidene'>-N'-(phenvl')-urea 

N-(l-Benzyl-2-piperidinylidene)-N'-(phenyl)-urea (70 
5 mg, 0.228 mmol, from Example 125) in glacial acetic acid (2 mL) was 
hydrogenolyzed in the presence of 10% Pd/C (30 mg) for 8 h. The 
catalyst was removed by filtration through an Anotop 25 Dispo Syringe 
Filter (0.2 \im). The filtrate was evaporated and coevaporated several 
times with toluene. The product was purified by flash silica gel 
10 chromatography eluting with 1-5% methanol/CH2Cl2; yield 15 mg. 

iH NMR (400 MHz, CD3OD): 6 1.85 (m, 4H); 2.59 (br m, 2H); 3.50 (br 
m, 2H); 7.05 (t, IH); 7.28 (t, 2H); 7.50 (d. 2H). 

15 Mass spectrum m/e = 218 (M +1). 



EXAMPLE 127 



20 




N-ri-(4-Mcth0XVbcnzvn-2-piDeridinvlidene1- N'-(phenvn-urea 
Step A: 2-Imino-l-r4-methoxvbenzv n-piperidine tetrafluoroborate 

25 

This compound was prepared in a similar manner as in Step 
A of Example 126. The crude product was used without further 
purification in St p B. 

30 StgP B; N-n-(4-Mcthoxvhenzvn-2-piDeridinvlidene1.N'-fphenvn-urea 
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The fluoboric acid salt from Step A was treated with several 
mL's of 50% sodium hydroxide, and the free 2-imino-l-(4- 
methoxybenzyD-piperidine was extracted with benzene The benzene 
layer was decanted, dried (K2CO3), and evaporated to give an oil. 300 
mg of the resulting oil was dissolved in methylene chloride (2 mL) and 
treated with l,8-diazabicycIo[5.4.0]undec-7-ene (204 )iL, 1 36 mmol) 
and phenyl isocyanate (148 nL, 1.36 mmol). The reaction mixnire was 
stirred for 2 hours at room temperature, diluted with methylene chloride 
washed with 2 N hydrochloric acid, saturated sodium hydrogencarbonate 
solution, saturated brine solution, dried (Na2S04). and evaporated The 
product was purified by flash silica gel chromatography eluting with 30% 
ethyl acetate in hexane; yield 127 mg. 

IH NMR (400 MHz, CDCI3): 5 1.73 (m. 4H); 3.03 (t, 2H); 3.22 (t, 2H); 
15 3.79 (s, 3H) 4.70 (s, 2H); 6.83-7.27 (m. 9H). 

Mass spectrum m/e = 338 (M +1). 



10 



20 



25 



30 



EXAMPTF|7^ 



a 



N^NH 



HN^O 



2-Imino- 1 -rben7:v1anij nocarhnnv|)-piperiHin y 

^ °^ 2-imino-piperidine hydrochloride (250 mg, 

1 .86 mmol) m acetonitrile (8 mL) cooled in an ice-bath were added 1 8- 
diazabicyclo[5.4.0]undec-7-ene (277 nL. 1 .85 mmol) and benzyl ' 
isocyanate (229 nL. 1.85 mmol). The reaction mixture was stirred 
overmght at room temperature and then evaporated. The product was 
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purified by flash silica gel chromatography eluting with 2-3% 
methanol/CH2Cl2 . 

1h NMR (400 MHz, CD3OD): 5 1.78 (m, 4H) 2.37 (m, 2H); 3.39 (m, 
5 2H); 4.34 (s. 2H); 7. 1 8-7.3 1 (m. 5H). 

Mass spectrum m/e = 232 (M + 1). 



10 EXAMPLE 129 

OC°X 

^^-^N'^NH HCI 
H 



Cf5-Qctahvdro-3-imino-2H- 1 .4-benzoxaz ine hydrochloride: 

15 

Step A: Cis-hexah vdro- 1 .4-benzoxazin-3f 4HVone: 

A mixture of 2H- 1 ,4-benzoxazin-3(4H)-one ( 1 g) and 
platinum oxide (0.5g) in 50 mL of glacial acetic acid was hydrogenated 
20 on Parr shaker at room temperature and 50 psi for 2 days. The catatlyst 
was filtered and washed with acetic acid. The filtrate was concentrated to 
give the desired lactam as white solid after purification on silica gel using 
2% methanol in ethyl acetate as solvent. 

25 Step B: Cis-Octahvdro-3-imino-2H-l. 4-benzoxazine hvdrochloride 

The title compouhd was prepared according to the method 
described in Examples 2 and 3. 

30 lHNMR(D6-DMSO):4.52(m^H);3.88(m.lH); 1.16-1.8(m,8H) 



EXAMPLE 130 
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a. 



•rj'^NH HCI 
2-Iminop iDerazine. hvdrnchlnn ^i- 
Stgp A: ?,-Ketopippra7jn^ 



A solution of 10.2 g (81 mmol) of ethyl chloroacetate in 50 

mL of ethanol was added dropwise over 1 hr to a solution of 30 g (0 5 M) 

of ethylene diamine in 125 mL of ethanol at room temperature The 

mixture was stirred 3 hrs and 4.4 g (81 mmol) of sodium methoxide was 

added and the mixture was stirred additional 4 hours. The resulting 

voluminous white precipitate was filtered and the filtrate was 

concentrated to give oily residue which was heated at 200 ©C (bath 

temperamre) for 5 mins with a wide distillation head. A solid deposited 

m the distillation head during the distillation. After 1.5 hrs of distillation 

distillation head was washed with methanol to remove the desired 

product. Methanol washes were concentrated to give a crude product 

which was purified on sUica gel using 5:2 mixture of 

chloroformrmethanol as solvent to provide 2.3 g of the desired product as 
yellow solid. 

IH NMR (DMSO): 2.74(m,2H); 3.1(m,2H); 3.13(s.2H); 7.58(b,iH) 
S^gp P; 4-t-Rutoxvcarbonvl-2-VPfr>pfp ^ r^ y ^n ^ 

A mixture of 500 mg (5 mmol) of 2-ketopiperazine 1 2 g 
(5.5 mmol) of t-butyldicarbonate and 2 g of sodium chloride in 7 5 mL of 
water and 10 mL of chloroform was heated to reflux 4 hrs. The reaction 
nuxture was cooled to room temperature and extracted with ethyl acetate 
The combmed ethyl acetate extracts were dried over anhydrous 
magnesium sulfate . Solvem removal gave a crude product which was 



1- \ 
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purified on silica gel using 5% methanol in ethyl acetate as solvent to 
give 925 mg of the desired carbamate lactam as white solid. 

iH NMR (CDC13): 1.46(s.9H); 3.37(m,2H); 3.62(m,2H); 4.08(s,2H) 

5 

Ste p C: 4-t-Butoxycarbonvl- 2-imino piperazine hvdrochloride 

The title compouind was prepared according to the 
procedure described in Examples 2 and 3. 

10 

1h NMR (DMSO): 1.42(s,9H); 3.35(m,2H); 3.52(m,2H); 4.32(s,2H); 
8.75(b,lH);9.04(b.lH); 10.05(b,lH). 

Step D: 2-Imino piperazine hvdrochloride 

15 

Hydrogen chloride gas was bubbled through 6 mL of ethyl 
acetate at 0 OC for 3 mins. Solid 4-t-butoxycarbonyl-2-imino piperazine 
hydrochloride (36 mg) was added and the mixture was stirred ovemight 
at room temperature. Solvent and hydrochloric acid gas were evaporated 
20 in vacuo to give 24 mg of the desired imino piperazine hydrochloride as 
white solid. 

iH NMR (DMSO): 3.35(3H); 3.54(m,2H); 4.12(s,2H); 8.98(b,lH); 
9.3(b,lH); 10.16(b,lH) 

25 



EXAMPLE 131 



CH3 



^r<j'^NH HCI 

30 

4-Methvl-2-iminopiperazme hvdrochloride 
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Stgp A: 4-Mf-Thvl-?-oxo-Dinera7in^ hvdrochlnri^ >>- 

4.4 g (100 mmol) of ethyleneimine was added to 7 8 g (66 
mmol) of sarcosine ethyl ester with stirring at 60 oc. The mixture was 
then heated 1 day at the same temperature. Volatile materials were 
removed m vacuo and the residue was purified on silica gel using 
methanol/ethyl acetate gradient mixtures to give the tide compound. 

iH NMR (CDC13): 3.35(2H); 3.06(2H); 2.58(2H); 2.32(3H) 

The hydrochloride salt was prepared by adding ethereal 
hydrochlonde solution to a solution of the above tertiary amine and 
stirnng the mixture for 1 hour. The resulting solid was filtered and 
washed with ether and dried. 

Stgp B; 4-M>'thyl-2-methoYv-3.4,s fi-r.T r.>^y^ r- r rnr i pr 

u, ./™'''^°^^-^05s(^<^)of4-methyI-2-oxo-piperazine 
hyA-ochlonde from step A and 3.0 g (20 mM) of trimethyloxonium 
tetrafluoroborate in 150 mL of chlorofonn was stirred for 4 days at room 
temperature under nitrogen. Excess saturated sodium bicarbonate was 
added and stirred 30 mins. The organic layer was separated and the 
aqueous layer was extracted with ethyl acetate. The combined organic 
layers were dned over anhydrous magnesium sulfate. After filtration the 
solvent was removed to give a mixture of the title compound and 4- 
methyl-pipera2in-2-one as an oil. 

i^lT'om'l?^' '-^^^''"^^ 3.56(4: ll)(m,2H); 3.08 and 2.9 

(4.11)(s.2H); 2.6 and 2.4 (4:1 l)(m.2H); 2.33 and 2.3(6: 16.5)(s.3H) 

S^gp C; 4-Mf thvl-2-iininopinera2in« hvrfrn.^ i»n d e and 

Diperazm^ hyHr^^j^n^^. ^ 
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This compound was prepsired from 4-methyl-2-methoxy- 
3,4,5,6-tetrahydro pyrazine according to the procedure of example 3. 
This product was contained some 4-methyl-pipera2in-2-one which was 
present in the starting material. 

iH NMR (CD30D): 2.92 and 2.43 (s,3H); 3.8 and 3.42(s,2H); 2.75 and 
3.56(t, 2H); 3.45 and 3.8(t,2H) 



15 



25 



ax, 



10 FX AMPLE 132 

HCI 

2-Iniino-decahvdro-c/.y-quinoxalinedihvdrochloride 
Step A: Decahvdro-2(lHVquinxalinone 



To a solution of 2.28 g (20 mmol) of cis-1,2- 
diaminocyclohexane in 100 mL of water, 1.74 g (30 nmiol) of glyoxal 
20 was added. After stirring for 4 h the reaction mixture was filtered and the 
filtrate was concentrated in vacuo. The residual oil was absorbed on a 
flash column and the column was eluted with 50% EtOAc/hexane, 10% 
MeOH/EtOAc and 50% MeOH/EtOAc to isolate 1.19 g of the title 
compound as an oil. 



Step B: 4-t-Butvloxvcarfaonvl-decahvdro>2riHVQuinoxalinone 



A solution of 1.19 g (7.72 mmol) of decahydro-2(lH)- 
quinxalinone in 10 mL of saturated NaHCOB was treated with 2.2 g (10 
30 mmol) of di-tert-butyl dicarbonate. After stirring for 2 h the reaction 

mixture was extracted with EtOAc and the EtOAc layer was washed with 



BNSDOCID: <WO 9614844A1_L> 



wo 96/14844 



PCT/US9S/14812 



182 



brine and dried. The filtrate was concentrated and the residue was 
punfied on a flash column to isolate 0.667 g of the tide compound. 



)tepC: 4-t-Ri 
5 Quinoxalinnn^ 



A u . . ^-^^^ S ^1 °^°^> Of 4-t-butyloxycarbonyl- 

decahydro-2(lH)-quinoxalinone in 3 mL of CH2C12 was added 0 191 g 
(1.3 mmol) of trimethyloxonium tetrafluoroborate and the mixture was 
T^^?"^^^'- "^^ "^^"^^^ "^^^'^ partitioned between saturated 
NaHC03andCH2CI2. H^e organic layer was washed wid, water, brine 
dried and concentrated. The residue was chromatographed using 20% 
Et20-hexane as an eluent to isolate 0.124 g of the tide compound. 

Step D: 4-t-Ruto>^y-2-iinino-derahvdro-.,c-^ ..,»^.^. j„ ^ 

2 m.tH ^1 fi"?o" ^"^^-^^^ ^ ^^-^^ Of 4-t-ButyIoxycarbonyl- 

2-methoxy-3 4.5.6,7,8.5a,8,a-octahydro.quinoxalinone in 3 mL of EtOH 

20 l^rT^l ""^-^^-^^ *° r^fl"^- After 3 h 

wirEt^O L^h'^^ concentrated, the residue was triturated 

dtJ^com^^^^^^^ "'"^^ ^-^^^ of the 

Step E: ^TminP-dgMhvdro-ris-auinnT^lin ^ 

^ „,T 1^ TT.r.I'' ""^ °f ^'-*»"toxy.2-imino-decahydro-cis-quinoxaline 
3 mL of EtOAc saturated with HCl was added. TTie reaction turned clear 
momentanly and another solid was formed. After 30 min the solid was 
filtered washed with Et20 and dried to fiimish 32 mg of Uie tide 
comix>und. 

IH). 1.89 (br s. 4H), 3 92 

(m, IH), 4.0 (m, IH). 4.37 (s, 2H) 
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FXAMPLE 133 

"rj'^NH HCI 

2-Imino-decahvdro-rrfln5-quinox al ine dihvdrochloride 



ax 



The title compound was prepared by the procedure of 
example 132 starting with trans- 1,2-diaminocyclohexane. 

iH NMR (D20): 1.3-1.6 (m.4H), 1.8-1.9 (m, 2H), 2.16 (t, 2H), 3.3 (td, 
IH, J = 1 1 and 4 Hz), 3.55 (td. IH, J = 1 1 and 4 Hz), 4.41 (ABq, 2H) 



15 EXAMPlUg 134 



CH3 



CHs^N'^NH HCI 
H 



4-6-Dimethvl-2-imino-piperazine hydrochloride 
Ste p A: 4.6-Dimethvl-2 -keto-piperazine 



A solution of 0.8 mL (10.2 mmol) 2-methylaziridine (90%), 
0.998 g (1 1 .21 mmol) of sarcosine and 30 mg of NH4CI in 4 mL of water 
25 was heated to 100 in a sealed tube for 2 h. The mixture was allowed 
to stand overnight, then concentrated in vacuo. The residue was purified 
by chromatography using 30% MeOH-EtOAc to yield 0.637 g (49%) of 
the desired product. 
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10 



2H). 3.23 (d. IH). 3.62 (br s, IH), 6.8 (br s. IH). 

StgP P: 4.6-nimPthvl-piper;,7,ri-7.|lij^n^ 

To a solution of 1.01 1 g (5.09 mmol) of 4,6-dimethyl-2- 
keto-pii^razme in 25 mL of dioxane. 4.704 g (56 mmol) of NaHCOs and 
1.36 g (3.56 mmol) of phosphorus pentasulfide were added and the 
mixture was heated in a 70 oc bath. After 6 h the reaction was cooled 
quenched by adding water (gas evolution) and stirred overnight TTie 
soluuon was extracted with EtOAc. The EtOAc layer was washed with 
bnne, dned and concentrated. The residue was chromatographed using a 
gradient of 0-10% MeOH/EtOAc to isolate 91 mg of the d^L proTuct 

Step C: 4-6-nimetfiy|-?-imino-niDera7in. >iv H^^^i^ ri T'r 

ma m Aoo P^^ed through a THF (5 mL) solution of 72 

fof 5 of f .6-dimethyl-piperazin-2.thione kept in a 50 oC bath 

for 5 mm. To this solution 149 mg (0.55 mmol) of HgCb was added and 
Ae reacuon was heated to 50 oc for 15 min after it turned black. TTie 

MeOR The combined filtrate was concentrated and the residue was 

MecN.H20.HOAC to isolate 30 mg of the title compound. 



20 



25 



IH), 3.22 (d, IH), 3.45 (d, IH), 3.72 (m, IH). 



30 



Mass spectrum m/e =127 



EXAMPr p; 
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N'^NH HCI 
H 

2-TminQ-4-methv1-6-r2-methvlpropvn-5- oxo-piDerazine hydrochloride 

5 Step A: N-t-Butvloxvcar honvlf Ivcinvlsarcosine ethyl ester 

To a solution of 0.629 g (3.59 mmol) of t- 
butoxycarbonyoxyglycine in 8 mL of CH2CI2 0.58 g (4.31 mmol) of 
hydroxybenztriazole,0.87 mL (7.9 mmol) of N-methylmorpholine and 

10 0.826 g (4.31 mmol) of EDAC were added. After 10 min 0.607 g (3.95 
mmol) of sarcosine ethyl ester hydrochloride was added and the mixmre 
was stirred overnight. The reaction was poured into water and extracted 
with CH2CI2. The organic layer was washed with brine, dried and the 
filtrate was concentrated. The residue was purified on a flash column 

15 eluting with 50% EtOAc-hexane to obtain 0.985 (96%) of N-t- 
butyloxycarbonylglycinylsarcosine ethyl ester. 

Step B: l-M ethvl-2.5-diketopiperazine 

20 A solution of 0.942 g (3.43 mmol) of N-t- 

butyloxycarbonylglycinylsarcosine ethyl ester in 10 mL of EtOAc was 
saturated with HCI gas. After stirring for 1 h the solution was 
concentrated in vacuo to leave a white solid. The solid was dissolved in 
10 mL of EtOH, 0.474 g (3.43 mmol) of powdered K2CO3 was added 

25 and the mixture was heated in a 60 bath overnight. The solid was 

filtered and rinsed with EtOH and the combined filtrate was concentrated 
to leave a solid. The solid was washed with ether and dried to furnish 
0.499 g of the title compound. 

30 iH NMR (CDC13): 2.98 (s, 3H). 3.97 (s, 2H), 4.02 (s. 2H), 6.23 (br s, 
IH). 
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StgP C: 2-Methnxv-4-methvl-3 4-dihvdrn-..^») .p,,..,,-^,„, 

triu^^fU I l-™ethyl-2,5-diketopiperazine with 

^methyloxomum tetrafluoroborate as described in example 132 step C 
gave the utle compound. ^ ^ 



Step D: ?- 
pvrazinnp^ 




25 



30 



' 3 4-dihydro Idm''''''''''' ^ ^''^ of 2-methoxy-4.methyl- 

J.4-dihy<ko-5 6H)-pyra2mone in 6 mL of THF cooled in a -78 oc bath 

^ (M6'^T.^'k After oL' an 

^Jtioni f Of l.bromo-2-methylpropane was added and the 

After stimng for 0.5 h the reaction was quenched by adding water and the 
nuxmre was extn^cted with EtOAc. The EtOAc layer wrtrhed 
onTfl^hlo^l*^^^^^^^ Il^eLidu^r'p" 
g^tCfTeZ^e:^^^^^^^ "^^-^^^^ - 

3H). 3.69 (s. 3H). 3.81 and 3.94 (ABq. 2H), 4.09 (m. IH). 

^'"^ ^ -W.o^methvi-6 r2-n,..H.ir .^r,.^ . , 

A solution of 0.1 g of 2-methoxy^methyl.6-a- 

IH)!^ L^Sa^:^^^^^^^ ''^''^ - (s, 3H), 4.11 Ct. 

Mass spectrum m/e = 184 (M+1) 
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EX AMPLE 136 




5 H 

4-Benzvloxvcarbonvl-2-imino-r 1 ■2.3.4netrahvdro-quinoxaline 
hydrochloride 

10 Stgp A; 3.4-pmy<j9-2(m)-q wpaxQbPg 

To a solution of 1.2 g (8.2 mmol) of 2-hydroxyquinoxaline 
in 10 mL of EtOH, 220 mg of Pt02 was added and the solution was 
hydrogenated on a Parr apparatus overnight. The catalyst was filtered 
15 and washed with EtOH and the filtrate was concentrated to yield 1 . 17 g 
(96%) of the tide compound sufficiently pure for use without 
purification. 

iH NMR (CDC13): 3.97 (s, 2H), 6.6-6.9 (m, 4H), 8.1 (br s, IH). 

20 

Step B: 4-BenzvloxvcarbQnvl-3.4-dihvd ro-2(lHVquinaxolone 

A solution of o.41 g (2.77 mmol) of 3,4-dihydo-2(lH)- 
quinaxolone in 5 mL of CH2C12 and 5 mL of saturated NaHCOs was 
25 treated with 0.44 mL (3.05 mmol) of benzylchloroformate. After stirring 
for 4 h, the reaction was diluted with CH2CI2. washed with water, brine 
and dried. The filtrate was concentrated and the residue was 
chromatographed using 30% EtOAc-hexane to isolate 0.31 g of the 
desired product. 

30 
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7 4 (TphT^^^^^^ ^ '^'^^ ^'^^ ^'^^ 

^ f 4-Pgn ; ^VlQ?f Vrarbonv)-2,-iTnino-n .2 T4^f.rr.hY H ro-a„innv.lin. 

The 4-ben2yloxycarbonyI-3,4-dihydro.2(lH).quinaxoIone 
obtained in step B was subjected to the reactions described in example 
134 steps B and C furnished the title compound. 



10 



15 



25 



30 



IH NMR (CD30D): 4.31 (s. 2H). 5.23 (s, 2H). 6.9-7.5 (m, 9H). 
Mass spectrum m/e = 282 (M+1) 



Example ]-^7 
O.^CHa 



N^NH HCI 



Stgp A: 4-AretyU-3 4-dihvdm-2rim-^.nnn^r]rnr 



A solution of 0.212 g (1.43 mmol) of 3,4-dihydo-2(lH)- 
qumaxolone (example 136. step A) in 7 mL of CH2CI2 was treated with 

2; M™!:^'^. °^ ^""^^^ 0.26 mL (1.86 mmol) of 

Et3N. After 2 h another 0.04 mL of acetyl chloride was added to 

^rt^ci2. The CH2CI2 layer was washed with brine, dried and 
concentrated. The residue was purified by chromatography. 



BNSDOCID: <WO 9614844A1 J_> 



wo 96/14844 



PCr/US95/14812 



-189- 

Step B: 4-Acetvl-2-imino- n.2.3.4^tetrahvdro-Quinoxalme 

Treatement of 4-acety 11-1. 2,3, 4-tetrahydro-2-quinaxolone by 
the method of example 134 steps B and C furnished the title compound. 

iH NMR (CD30D): 2.24 (s. 3H), 4.5 (s, 2H), 7.0-7.5 (m, 4H). 

Mass spectrum m/e =189 (M+1) 



10 

RXAMPLE 138 



CH3 

OCX 

^^jJ^NH HCI 



15 2-Tmino-4-methvl-decah vdro-frfln.?-quinoxaline. acetic acid salt 
Step A: 4-methvl-o ctahvdro-trans-2(lHVquinoxalone 

To 0.537 g of 4-t-butyloxyca^bonyl-octahyd^o-t^ans-2(lH)- 
20 quinoxalone (Example 133), 10 mL of EtOAc saturated with HCI gas was 
added. ' After stirring for 2 h the solvent was removed in vacuo to give 
0.483 g of a brown solid. 

To a solution of 0.147 g (0,77 nmiol) of this solid in 5 mL of 
25 MeOH and 1 mL of formaldehyde (37% aq. solution) was added 50 mg 
of 10 % Pd/C and the mixture was hydrogenated under 41 psi for 3 h. 
The catalyst was filtered through a pad of celite and the pad washed with 
MeOH and the filtrate was concentrated to yield 0.325 g of the title 
compound. 

30 

Step Rr 2-Imino-4-methvl-decahvdro-trans-auinoxaline. acetic acid S»lt 
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Mass spectrum m/e = 168 (M+1) 



10 



EXA^fP^■F i^Q 

fj^NH HCI 



15 



3-IminothioniQmhoTin^ h V^ rochlnrj H^ 
Step A: Thiomnrph^^jr^-^-^n^ 



20 



25 



30 



aUowed to cool to room temperamre and then allowed to stand 1 day at 
room temperan^. Robust white «ys«Os formed. IheHqnidwL 

6 2 ^fthTl H ""ol to afford 
o.-i g of the desired thiomorpholinone. 

'H NMR (CDC13): 2.8(m.2H): 3.28(s.2H): 3.62(m.2H): 6.62(b.lH) 
Step B: Thiomorph»iin -j-|.^ j^„ p 

11 „ . ^.'^'""*°'''^S(10mmol)ofthiomoiphoUn-3-oneand 
«flr2 ^ T^""™ " of tolueneTas hea^^' 

removed to gtve a testdue. This was taken up in methylene chlohde and 
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applied on silica gel column and eluted with ethyl acetate containing 
methylene chloride (10%). The desired thiomorpholin-3-thione in 65% 
yield as solid. 

5 iH NMR (CDC13): 2.90(m,2H); 3.62(m,2H); 3.76(s,2H); 8.65(baH) 



Step C: 3-Imino thiotnorpholine hydrochloride 

The title amidine was prepared from thiomorpholin-3-thione 
10 according to the procedure of example 43 step F. 

iH NMR (DMSO): 2.92(m,2H); 3.52(m,2H); 3.62(s,2H); 8.85(b.lH); 
9.28(b,lH); 9.9(b,lH) 

15 

FXAMPLE 140 



^^^^-^N^NH HCI 



20 3-IminQ'g-prQpyl-thiQm<?n?h9ling 

Step A: 2-ButoxvcarbonvlaminQ-l-pentanol 

To a solution of 1.1 mL (9.8 mmol) of 2-amino-l-pentanol 
25 in 10 mL of MeCN was added 2,18 g (10 mmol) of di-t-butyl dicarbonate 
followed by a solution of 1 .06 g (10 nmiol) of Na2C03 in 10 mL of 
water. After stirring for 4 h the reaction mixture was partitioned between 
Et20;EtOAc (1:1) and water. The organic layer was washed with water, 
brine and dried. The filtrate was concentrated to furnish 2,8 g of a liquid 
30 which was used in the next step without purification. 
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20 



25 



30 



IH NMR (CDC13): 0.91 (t, 3H), 1.3-1.9 (m, 1 IH). 2.31 (t 2H) 2 4 fbr 
.n^S.^^ 3H>. 3.8 IH), 4.1S (c.. IH, .=10 an. 4^). i.^.^ 

' Step B: FthYl ff2-h|l(0XVrarhonvlaminr.r » n > vh,hin1ar^ fffl r . 

A solution of 0.7 g of 2-butoxycarbonyIamino- 1 -pentanol 
prepared m step A in 5 mL of CH2CI2 was treated witl, 0 23 ,^ (3 

and 0.42 mL (3 nunol) of EtjN was added and the solution was allowed 
to wami to room temperature. After I h another 0.05 mL (0.65 mmol) of 
meth»esulfonyl Chloride and 0.1 mL (0.71 mmol) of E.3N were^^d 

washed with saturated NaHCOj solution, water. 1.2 N HCl and bLe 

mm.n „f .J?^ in 5 mL Of EtOH 0.3 mL (2.7 

° « (3 "-"Ol) of powdered 
K2C(>3 were added. The mixmre was heated in a 50 oc baft for 2 h then 
dUu^ w.* water and extmced witi, EtOAc. TT^e EtOAc layer wL 

ctoomatographed on a flash column using a gradient of 20-50% EtOAc- 
Hexane to isolate 0.48 g (63%) of the tide compound. 

l^^'^'r^ ^^tV"'- 2 2H). 3.23 

(ABq. 2H). 3.75 (br, IH). 4.19 (q.2H).4.57 (br s. IH). 

Step C: 5-Pronvi.thinmp i p|iHin 1 nn r 
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Ice cold EtOAc (5 mL) was saturated with HCl gas and this 
solution was added to 0.48 g (1.57 mmol) of ethyl ((2- 
butoxycarbonylaminopentyl)thio)acetate. After stirring for 1 h the 
solution was concentrated to give 0.42 g of amine hydrochloride as an oil. 
5 The oil was dissolved in 3 mL of EtOH and 0.207 g (1 .5 mmol) of 

powdered K2CO3 was added. After heating the mixture in a 80 bath 
for 2.5 h the reaction was cooled and partitioned between water and 
EtOAc. The organic layer was washed with water, brine, dried and 
concentrated. The residue was purified by flash chromatography using 
1 0 30-100% EtOAc-hexane to yield 0. 1 5 g (60%) of the title compound as a 
white solid. 

1h NMR (CDa3): 0.94 (t, 3H), 1.36 (m, 2H), 1.57 (m. 2H), 2.53 (dd, 
IH, J=13 and 9 Hz), 2.78 (dd, IH, J=13 and 4 Hz), 3.26 (ABq. 2H), 3.63 
15 (m, IH), 5.8 (br s, IH). 

Step D: 5-Propvl-thiomorpholin-3-thione 

A solution of 0.15 g (0.94 nmiol) of 5-propyl-thiomorpholin- 
20 3-one in 3 mL of toluene was treated with 0.44 g (1 . 1 mmol) of 

Lawesson's reagent and the reaction was heated to reflux. After 1 h the 
solution was cooled to room temperature, diluted with 2 mL of hexane 
and allowed to stand overnight. The solid formed was removed by 
filtering through a 0.5 u filter and the filtrate was concentrated. The 
25 residue was chromatographed using 10-30% EtOAc/hexane to obtain 
0. 1 3 1 g (80%) of the title compound. 

iH NMR (CDC13): 0.95 (t, 3H), 1.41 (m, 2H), 1.64 (m, 2H), 2.60 (dd, 
IH. J=13 and 9 Hz), 2.89 (dd, IH, J=13 and 4 Hz), 3.57 (m, IH), 3.74 
30 (ABq, 2H. J=17Hz), 8.3 (br s, IH). 

Step F: 3-Imino-5-propvl-thiomorpholine 
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10 



15 



20 



25 



30 



A solution of 0.131 g (0.75 mmol) of 5-propyl- 
th,omorpholm-3-thione in 3 mL of CH2CI2 was stirred with 4 A 
molecular sieves. After 10 min 0.125 g (0.85 mmol) of 
tnmethyloxonium tetrafluoroborate was added and the mixture was 

^^n^""' ^'^ quenched by adding saturated 

NaHCOs soluuon then extraced with CH2CI2. The organic layer was 
washed with brine, dried and concentrated to give 0. 1 15 g of a brown oil. 

IH), 2.73 (dd, IH, J=13 and 4 Hz), 3. 12 (ABq. 2H), 3.43 (m. IH). 

'^^*'«»wnoilinlmLofEtOHwastratedwith30mgr0 56 
mmol) of NH4C1 and the mixmre was heated to reflux. After 1 h t^e 
soluuon was concentrated and the residue was chromatographed on a 
tlash column using a gradient of MeCN, MeCN/HOAc - 95 5 

isolate 37 mg (23%) of the nUe compound as an acetic acid salt. 

^'s!m •'='3 4 Hz), 3.65 (m. 3H). 8.2 

Mass spectrum m/e = 159 (M+1) 

e^lT^rf ""'^r^''^ P-Pared by the method of 

example 101 startmg ftx,m the appropriate aminoalcohol. 



EXAMPrF]4| 
3-Imi^o-5-methv]-t^^ir.^^^h^^j^^ 
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iH NMR (CD30D): 1.38 (d. 3H). 2.71 (dd, IH, J=13 and 9 Hz), 3.07 
(dd, IH, J=13 and 4 Hz), 3.60 (ABq, 2H, J=16 Hz), 3.82 (m, IH). 



EXAMPI.S 142 



XX » 



CaHs'^ N^NH HCI 
H 



10 3-Imino-5-ethvI-thiomorpholine 

iH NMR (CD30D): 1.03 (t, 3H), 1.75 (m, 2H), 2.75 (dd, IH, J=13 and 
9 Hz), 3.1 (dd, IH, J=13 and 4 Hz), 3.6 (m, 3H). 



EXAMPLE 143 




N^NH HCI 
H 

20 3-IminQ-g-t?utyl-thi9m9rph9line 

iH NMR (CDC13): 0.95 (t, 3H), 1.3-1.8 (m, 6H), 2.75 (dd, IH, J=13 
and 9 Hz), 3 . 1 (dd, 1 H, J= 1 3 and 4 Hz), 3 .60 (m, 3H). 

25 Mass spectrum m/e = 173 (M+1) 



EXAMPLE 144 
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'"'^^fj'^NH HCI 

3-lniino-.5rsvr?-mPthYi propvn-rt^ ;n.7 ,orphnij p^ 

IH ^To^'L'^; f ^'"^ 2"^' IH). 2.72 (dd. 

3 68rd IR r IH. J=13and4Hz).3.52(d, IH, J=16h;). 

3.68 (d, IH. J=16 Hz), 3.75 (m. IH). 

Mass spectrum m/e = 173 (M+1) 



EXAMPTF 



f^^NH HCI 



3-IininQ-VR>-r2-mefhvip r^r yp .thinmorpt^ ^tjn^ 

IH^T^^^^^ - ^ 3.52 (d. IH. .16 HZ). 

Mass spectrum m/e = 173 (M+1) 



EXAMPT.F]4^ 



Q 



fC^NH HCI 
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1 -(f/>rf-Butoxvcarbonvn-hexah vdro-3-imino-( 1//)- 1 .4-dia2epine 
hydrochloride. 

5 Step A: 4-rf^rf-ButoxvcarbonvlVhex ahvdro-f2/D-1.4-diazepin-2-one. 

Hexahydro-(2/0-1.4-diazepm-2-one (300 mg, 2.63 mmol), 
obtained by the procedure of B. Kotelko, R. Glinka, R. Guryn, and J. 
Stmmillo (Acta Pol. Pharm., 1224, 11, 651-7; £A 1124:50859y), was 

10 dissolved in chloroform (5.3 mL). Di-rerr-butyl dicarbonate (0.63 g, 2.9 
mmol) was added along with additional chloroform (3 x 0.15 mL) to aid 
in the transfer. The solution was stirred for 0.5 h at room temperature 
followed by 3 h at reflux. The solution was then diluted with ethyl 
acetate (20 mL) and washed with saturated aqueous sodium bicarbonate 

15 (5 mL). The aqueous layer was extracted with ethyl acetate (10 mL) The 
combined organic layers were dried (sodium sulfate), decanted, and 
evaporated to give 549 mg (97%) of 4-(ferf-butoxycarbonyl)-hexahydro- 
(2/f)-l,4-diazepin-2-one as white crystals. 

20 IH NMR (400 MHz, CD3OD): 5 4.08-4.02 (m, 2H), 3.58 (bt, 2H. J = 5 
Hz), 3.29-3.26 (m, 2H), 1.81 (broad quintet, 2H, J = 5 Hz), 1.45 (s, 9H). 

Mass spectrum (FAB) m/e = 215 (M+1). 

25 Step B : 1 -( fgyt-Butox vcarbonvn-2.5.6.7-tetrahvdro-3-methoxv-( IH)- 
1.4-diazepine. 

By analogy to the procedure of Example 2, 4-(r«rf- 
butoxycarbonyl)-hexahydro-(2//)-1.4-diazepin-2-one gave \-{tert- 
30 butoxycarbonyl)-2,5,6,7-tetrahydro-3-methoxy-( IH)- 1 ,4-diazepine as a 
colorless oil in 94% yield. 

IH NMR (400 MHz, CD3OD): 5 4.16-4.10 (m, 2H), 3.59 (bs, 3H). 3.56 
(bt, 2H. J = 6 Hz), 3.53-3.48 (m, 2H). 1.87-1.77 (m, 2H), 1.44 (s, 9H). 
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5 



Mass spectrum (FAB) m/e = 229 (M+1). 



>u procedure of Example 3. 1 .{tert- 

butoxycarbonyl)-2.5.6,7-tetrahydro-3-methoxv i • 

10 hydrochlonde in quantitative yield as white crystals. 

'H NMR (400 MHz. CD3OD): 5 4.36 (bs, 2H) 3 69-3 62 CH^ , 
3.55 (m, 2H). 1.84-1.76 (m. 2H). 1.47 (s, 9H) ^' 



15 



EXAVrptFiay 

■pj'^NH 2HCI 

_ K analogy to the procedure of Example 130 fSten m 1 

25 Srs^oit?r:^rt;dr"^^^^^^^ 

« line wmte solid m quantitative yield. 

IH ^^_(4«,^, CD30D): 64.38 (s. 2H). 3.72-3.68 2H). 3.52 
yi. zn, J _ 5.5 Hz), 2.08 (quintet, 2H. J = 5.5 Hz). 

30 Mass spectrum (FAB) m/e = 1 14 (M-2Ha+l). 
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RXAMPLg 14S 

^J^j'^NH 2HCI 

5 Hexahvdro-2-imino-5-met hvl-flfr>-1.4-diazepine dihvdrochlQride. 

Step Ar //-(2-C vano- 1 -meth vlethvngl vcine eth vl ester. 

Aqueous sodium hydroxide (2.5 N, 13 mL, 32.5 mmol) was 
10 added to a mixture of4.54g (32.5 mmol) ofglycine ethyl ester 

hydrochloride in 6 mL of ethanol. The solution was cooled in an ice bath 
and 2.4 g (35.6 mmol) of crotonitrile was added in portions over 5 min. 
After 20 min, the ice bath was removed and the reaction was stirred 1.5 h 
at 25 OC foUowed by 3.5 h at 70 OC. The reaction was cooled to room 
15 temperature, 5 g of sodium chloride was added, and the mixture was 
extracted with 2 x 35 mL of ethyl acetate. The organic extracts were 
dried over sodium sulfate, decanted, and evaporated. The residue was 
dissolved in methanol, filtered through a 0.45 micron membrane, and 
evaporated to give 1.30 g (24% yield) of N-(2-cyano-l- 
20 methylethyl)glycine ethyl ester as a yellow oil. 

iH NMR (400 MHz, CDCI3): 5 4.20 (q, 2 H, H=7 Hz), 3.47 (d, IH, J = 
16 Hz), 3.41 (d, IH, J = 16 Hz), 3.05 (sextet, IH, J = 7 Hz), 2.49-2.38 (m, 
2H), 1.29 (t, 3H, J = 7 Hz), 1.27 (d, 3H, J = 7 Hz). 

25 

Step B: Hexahvdro-5-methvl-f2//^- 1 .4-diazepin-2-one. 

iV-(2-cyano-l-methylethyl)glycine ethyl ester (1.30 g, 7.64 
mmol) was dissolved in 4.5 mL of methanol. Raney nickel (70 mg) was 
30 added and the reaction vessel was pressurized with 1000 psi of hydrogen 
and heated to 50 OC for 6 h and to 100 OC for 4 h. The supernatant was 
decanted and filtered through a 0.45 micron membrane and the catalyst 
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was washed with 3 x 3 mL of methanol. The combined filtrate was 
evaporated and the residue was chromatographed on 60 g of silica eel 
elutxng with 5-7% methanol in dichloromethL to give 0 33 g of 
colorless oU. Chromatography onl5 g of silica gel elating wL 20% 

10 6 2 Hzf 2 ffg M h' f ^ ^^'""""^ ^'23 (ddd. IH. J = 15, 

1.82(dddd,.= 14. . 3, 1 HZ), 

Mass spectrum (FAB) m/e = 129 (M+1). 

Hexahydro-5-methyI-(2fl)-l,4-diazepin-2-one(200mi 1 -ifi 
20 djcarbonate (0.37 g. ,.69 ™„ol) was added wift 0.4 nTof cSirform 
S 4 s t " h then ^Sux 

wLhed wit^s'^^T '° °^«hyl acetate and 

, r ^""^ bicarbonate and 5 mL of 

saturated aqueous sodium chloride. The aqueous layers were ^tl^l 

we^"°: r!!?- '° """"toed o^^c l^r 

(100% yield) of 4-(«rr-ba,oxycarbonyl).hexahydn,-5.meAyK2wT4. 
diazepm-2-one as almost colorless crystals. 

Hz).3.19(dd,lH,J=I4.7Hz).3.13-3.02(m,lH) 2 13fdt H J-i. 
6HZ). 1.80 (dtd. 1„. J = ,5. ,0, 2 HZ). 1.46 (s! 9h!: "fs (d'sH 7= 6 5 
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Mass spectrum (ESI) m/e = 229 (M+1 ). 

Step D: l-(rgrt- Rutoxvcarbonvn-2.5.6.7-tetrahvdro-3-methoxv-7- 
mPthvl-n ^-1 ^-diazepine. 

5 

By analogy to the procedure of Example 2, 4-(tert- 
butoxycarbonyl)-hexahydro-5-methyl-(2//)-1.4-diazepin-2-one gave 1- 
(rerr-butoxycarbonyl)-2,5,6,7-tetrahydro-3-methoxy-7-methyl-(li/)- 1 ,4- 
diazepine as an almost colorless oil in 86% yield. 

10 

IH NMR (400 MHz, CD3OD): 6 4.55-4.10 (m, 2H), 3.75-3.55 (m, 2H), 
3.60 (s, 3H), 3.40 (dd. IH, J = 16, 11 Hz), 2.02-1.90 (m, IH). 1.65 (dt, 
IH, J = 15, 11 Hz), 1.45 (s, 9H), 1.12 (d, 3H, J = 6.5 Hz). 

15 Step E: 4-(rgrr-Butoxvcarbonvn-hexahvd ro-2-iniino-5-methvl-n/f)- 
1 .4-diazepine hydrochloride. 

By analogy to the procedure of Example 3, \-(tert- 
butoxycarbonyl)-2,5,6,7-tetrahydro-3-methoxy-7-methyl-( 1 H)- 1 ,4- 
20 diazepine gave 4-(ferf-butoxycarbonyl)-hexahydro-2-imino-5-methyl- 
(l/f)-l, 4-diazepine hydrochloride in quantitative yield. 

IH NMR (400 MHz, CD3OD): 6 4.60-4.20 (m, 3H), 4.53 (dd, IH, J = 
14, 7 Hz), 3.34-3.23 (partially obscured by solvent, IH), 2.19-2.07 (m, 
25 IH), 1.93 (dt, IH, J = 15, 10 Hz), 1.19 (d, 3H, J = 7 Hz). 

Mass spectrum (ESI) m/e = 228 (M-HCl+1 ). 

Step F: Hexahvdro-2-imino-5-methvl-( 1 H)- 1 ■4-diazepine 
30 dihvdrochloride. 

By analogy to the procedure of Example 130 (Step D), 4- 
(/crf-butoxycarbonyl)-hexahydro-2-imino-5-methyl-( 1 H)- 1 ,4-diazepine 
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hydrochloride gave hexahydro-2-imino.5-methyl-(I/0-l 4-diazeDine 
dihydrochloride as a hygroscopic brittle foam in quandtaave yT^r 

IH NMR (400 MHz, CD3OD): 5 4.52 (d, IH J = 15 Hz) 4 IS iw r 



Mass spectrum (FAB) m/e = 128 (M-2HC1+1). 



10 



20 



25 



30 



EXAMPT F ] AQ 
CH3 

fC^NH 2HC! 



Q 



15 




-2- 



nyarocmonde. The erode product obtained fiom 124 me (0 784 mm^n 
of the staitmg iminothioether was dissolved in 0 SslTJ.^, ^ 
45 oc and 0.25 mL of ethyl acetate ^^c^u^T"^ " 

under vacuum to give 108 mg (84% yield) of ptoduct. 

2H fZ^^k ' 3-^«-50 (n.. 2H). 2.97 (, 

^tt, J - 5.5 Hz), 1 .80 (qumtet, 2H, J = 5 Hz). 

Mass spectrum (FAB) m/e = 128 (M-HQ+l). 
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2HCI 



5 3-Amino-hexahvdro-2-iniino-( 1/n -azepine dihvdrnchloride. 

Step A: 3-(fgyf-Butoxvcarfaonvlam inoVepsilon-caDroIactani. 

3-Amino-epsilon-caprolactam (2.00 g, 15.6 mmol) was 
1 0 dissolved in 25 mL of chloroform and di-rcrf-butyl dicarbonate (3 .70 g, 
16.9 mmol) was added with 5 mL of chloroform. The solution was 
stirred at room temperature for 2 hr. The reaction was diluted with 10 
mL of chloroform and washed with 2x10 mL of 2 aqueous 
hydrochloric acid, 10 mL of saturated aqueous sodium bicarbonate, and 
15 10 mL of saturated aqueous sodium chloride. The combined organic 
layers were dried (sodium sulfate), decanted, and evaporated to give an 
almost colorless crystaUine solid. This material was dissolved in 15 mL 
of hexane and 20 mL of ethyl acetate at 75 OC, cooled to room 
temperature, and filtered to give 2.02 g (57% yield) of 3-(tert- 
20 butoxycarbonylamino)-epsilon-caprolactam as white crystals. 

iH NMR (400 MHz, CD3OD): 5 4.26 (d, IH, J = 10 Hz). 3.29-3.16 (m, 
2H). 2.03-1.70 (m, 4H), 1.60-1.27 (m, 2H), 1.44 (s, 9H). 

25 Mass spectrum (FAB) m/e = 229 (M+1). 

Step B: 3-ffgrf-Butoxvcarfa onvlamino'>-4.5.6.7-tetrahvdro-2- 
niethoxv-<'3fn-azeDine. 

30 By analogy to the procedure of Example 2, S-itert- 

butoxycarbonylamino)-epsilon-caprolactam gave 2>-{tert- 
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15 



20 



25 



butoxycarbonylamino)-4.5,6 J.tetrahydro-2-methoxy-(3i^^ as a 

colorless oil in 95% yield. azepine as a 

IH NMR (400 MHz. CDCI3): 5 538 (bd. IH. J = 6 Hz) 4 58 rbdd 1 H r 
azcpine hy^^r^^ir.^^^ 

m..K .0 J"^^^'^"® "^°''y*'^^°"yl^no)-4.5,6,7-tetrahydro-2- 

aiiu 1 n mg (^.ujj mmol) of ammonium chloride was add^^ Th« 

"iraugB a 0.45 micron membrane, and evaporated under a stream of 
Z?'" '° " °' 8. Dioxane (4.0 mL) was 2^^^ 

ZT T f™* '"'"^ " homogeneous. 1Z*L, 

Sl^r^- ? "^'^ ° °C and fUtered to^Zlr^ 

^ ^ ^^'^ 5"''* "l^^" ""^"l ' equivalent of 

IH NMR (400 MHz, CD3OD): 8 4.57 (d, IH J = 10 Hz) 1 -:7 1 ^x; , 
2H). 2.06-1.94 (m, 2H, I.89-,.a6 (m, 3^ ..5M.« SlSl (f 



Mass specmim (FAB) m/e = 228 (M+I). 

By analogy to the procedure of Example 130 (Steo D» T 
(rm-butoxycarbo„ylamino>hexahydro-2-imino-(Ifl).iq,far 
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hydrochloride salt gave 3-ainino-hexahydro-2-iniino-(l//)-azepine 
dihydrochloride as fine white crystals in quantitative yield. 

iH NMR (400 MHz, CD3OD): 5 4.71 (dd, IH, J = 10, L5 Hz), 3.61- 
5 3.50 (m, 2H), 2.15-1.82 (m/SH), K60-1.47 (m, IH). 

Mass spectrum (FAB) m/e = 128 (M-2HC1+1). 
10 EXAMPLE 151 

^J^^NH 2HCI 

(5)-3-Amino-2-iniinopiperidine dihvdrochloride. 

15 

Stgp A: (^y)-3'(ferf-PutQxy<part)QnylaminQ)-?-pipep<;iQng- 

l-Hydroxybenzotriazole (960 mg, 7.10 mmol) and l-(3- 
dimethylaniinopropyl)-3-ethylcarbodiimide hydrochloride (L36 g, 7,09 

20 mmol) were added to a stirred suspension of 1.50 g (6.46 mmol) of A^- 
alpha-(rerr-butoxycarbonyl)-L-omithine in 15 mL of N,N' 
dimethylformamide. After stirring overnight at room temperature, most 
of the solvent was removed on a rotary evaporator and the residue was 
diluted with 50 mL of ethyl acetate. The mixture was washed with 15 

25 mL each oflN aqueous hydrochloric acid, saturated aqueous sodium 
bicarbonate, and saturated aqueous sodium chloride. The organic layer 
was dried (sodium sulfate), decanted, and evaporated to give 706 mg 
(55% yield) of (5)-3-(re/t-butoxycarbonylamino)-2-piperidone as a 
colorless viscous syrup. 

30 

iH NMR (400 MHz, CD3OD): 6 4.02-3.92 (m, IH), 3.30-3.22 (m, 2H), 
2.15-2.05 (m, IH), 1.97-L70 (m, 3H), 1.45 (s, 9H). 
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methoxvpYT7rfjn^ 

By analogy to the procedure of Example 2, (S)-3.(ten- 
5 butoxycarbonylammo)-2-piperidone gave (5)-3-(/^/t- 

butoxycarbonylamino)-3.4,5,6-tetrahydro-2-methoxypyridine as white 
crystals in (83% yield). 

10 ! fi^T^^f^T'- ^"^'^^^ ^ " ''-^-"^ (bs, IH), 



Mass spectrum (FAB) m/e = 229 (M+1). 



15 



hvdrorhloHH^ 




9n K . ^^""^ ^° *^ procedure of Example 3. (S)-3-(tert- 

20 butoxycarbonylamino)-3.4.5.6-tetrahy^^^^^ ^^^^ (^.3. 

c:;:^r ^^^^^^^ ^^-^-r^de l 

2S ^.^r.^^^^^^^^ - IH). 3.3-3.30 (m,2H), 

Mass spectrum (FAB) m/e = 214 (M-HCl+1). 



30 



(t.rr ^y^^^ey to the procedure of Example 130 (Step D). (5)-3- 

(rm-butoxycarbonylamino)-2-iminopiperidine hydrochloride gave (^ 3. 
Z^3r - ^ «e so^if.' 
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iH NMR (400 MHz, CD3OD): 5 4.48 (t, IH, J = 6 Hz), 3.47 (t, 2H, J = 
6 Hz), 2.37-2.24 (m, IH), 2.08-1.90 (m, 3H). 

5 Mass spectrum (FAB) m/e = 1 14 (M-2HC1-I-1). 



EXAMPLE 152 



10 




Hexahvdro-3-imino-l .4-oxa2epine hydrochloride. 

Step A; 2.g.6.7-TctrahydrQ-3-meth9^y- 1 ,4-Qx^gping, 

15 

Using the method described Example 2, 4,5,6,7-tetrahydro- 
(2/0-1.4-oxazepin-3-one (prepared by the method of S. Suzuki, U.S. 
patent 4126614, 1978: 138397) was converted into 2,5,6,7- 

tetrahydro-3-methoxy- 1 ,4-oxazepine. 

20 

IH NMR (400 MHz, CDCI3): 5 4.18 (s, 2H), 3.87 (t, 2H, J = 6 Hz), 3.64- 
3.60 (m, 2H), 3.58 (s, 3H), 1.93-1.86 (m, 2H). 

Stgp B; Hexahvdro-3-imino-l .4-oxa2epine hydrochloride. 

25 

Using the method described in Example 3, 2,5,6,7- 
tetrahydro-3-methoxy-l,4-oxazepine was converted into hexahydro-3- 
imino- 1 ,4-oxazepine hydrochloride. 

30 IH NMR (400 MHz, CD3OD): 5 4.47 (s, 2H), 3.96 (t, 2H, J = 5 Hz), 
3.64-3.60 (m, 2H), 1.90 (quintet, 2H, J = 5 Hz). 
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Mass spectrum (FAB): m/e = 1 15 (M-HCl+1). 
^ EXAMPT.F.TS^ 

a 

N^NH HCI 
.tfg?cahv4rQ-3-imino- 1 .4-thia7Pp.n^ hvdrochloriH ^ 
^^^^ 4.g.^.7-Tefrahvr1ro-r2//>-1^-thp.enin.^-fhinn. 

Phosphorus pentasulfide (1.18 g, 2.66 mmol as P4S10) and 
so^um bicarbonate (3.56 g. 42.5 mmol) were added to a stirred solution 
of 500 mg (3.81 mmol) 4.5.6.7-tetrahydro-(2i^-l,4-thia2epin-3-one 
Q^f t 1 J« ' T"^"^ Shostakovskii, et al. Zh. Obshch. Khim., 

mi, 11 1453; £A 55:22177g) in 15 mL of dry dioxane and the mixture 

surred at 75 oc for 4 h. The solvent was removed in vacuo, water 
(15 mL) was cautiously added, and the mixture was heated to 50 oc for 1 
h. The reaction was cooled to room temperature and sodium chloride 
(6.1 g) was added followed by 40 mL of dichloromethane. Tofacilitate 
separation of the layers. 30 mL of saturated aqueous sodium chloride and 
100 mL of ethyl acetate were also added. The aqueous layer was 
extracted with 3 x 40 mL of ethyl acetate. The combined organic layers 
were dned (sodium sulfate), decanted, and evaporated. The crude 
pr^uct was chromatographed on 30 g silica gel, eluting with 1.25 L of 
20% ethyl acetate/hexane and 200 mL of 5% of ethyl 
acetate/dichloromethane to give 380 mg (68% yield) of 4 5 6 7- 
tetrahydro-(2/0-l,4-thiazepin-3-thione as a white solid 



15 



20 



30 



IH NMR (400 MHz, CDCI3): 5 8.55 (bs, IH), 3.74 (s, 2H), 3.51-2.44 
(m. 2H), 2.92-2.87 (m, 2H), 1.97 (quintet, 2H, J = 5 Hz). 
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Mass spectrum (FAB): m/e = 148 (M+1). 

Step B: 2.5.6 .7-Tetrahvdro-3-ethoxv-1.4-thia2epine. 

5 Employing the method of E. Mohacsi and E.M. Gordon 

{Synth. Commun., 1984 . 14. 1 159), ediyl chloroformate (0.1 12 mL, 1.17 
mmol) was added to a mixture of 4,5,6,7-tetrahydro-(2^- 1 ,4-thiazepin- 
3-thione (150 mg, 1 .02 mmol) and 0.30 mL of dry dioxane. The mixture 
was stirred and occasionally swirled for 1.5 h at room temperature. The 

10 mixture was diluted with 15 mL of ethyl acetate and washed with 15 mL 
of saturated aqueous sodium carbonate, 10 mL of saturated aqueous 
sodium carbonate, and 10 mL of saturated aqueous sodium chloride. The 
aqueous layers were extracted in succession with 15 mL ethyl acetate. 
The combined organic layers were dried (sodium sulfate), decanted, and 

15 carefully evaporated to give 158 mg of crude 2,5,6,7-tetrahydro-3- 
ethoxy-l,4-thiazepine as a slightly volatile yellow oU. 

IH NMR (400 MHz, CDCI3): 5 4.02 (q, 2H, J = 7 Hz). 3.54-3.50 (m, 
2H), 3.28 (s, 2H). 2.88 (t, 2H, J = 5 Hz), 1.94-1.87 (m, 2H), 1.26 (t, 3H J 
20 =7 Hz). 

StgpC; Hexahvdro-3-imino- 1 .4-thiazepine hvdrochloride. 

Using the method described in Example 3, 2,5,6,7- 
25 hexahydro-3-ethoxy-l, 4-thiazepine (150 mg, 0.94 mmol) was converted 
into the amidine hydrochloride. In this case, the crude product (138 mg) 
was recrystallized from methanol/ethyl acetate at 60 with cooling to 0 
OC to give 56 mg (29% yield) of hexahydro-3-imino-l, 4-thiazepine 
hydrochloride containing 25% anmionium chloride. 

30 

iH NMR (400 MHz, CD3OD): 5 3.62 (s. 2H), 3.60-3.58 (m, 2H), 3.01- 
2.97 (m, 2H), 1.95 (quintet, 2H, J = 5 Hz). 

Mass spectrum (FAB): m/e =131 (M-HQ+l). 
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EXAMPT I 




fj^NH 2HCI 



of alv.- (5.04 g. 5 1.3 mmol) was added to a solution 

of glycine ethyl ester (5.3 g, 51.3 mmol) in 50 mL of chlorofonn. After 3 
h at room temperature, chlorofonn (15 mL) was added followS^by 

50 ^T".'"^ '"^"^ ^^'-P^^-^re andLn ^hed ^± 

50 mL of samrated aqueous sodimn bicarbonate and 50 mL of saturated 

:r;:rr^or^f- ^-ombineda„layersterJ::™ 
w,A 2 X 50 mL of ethyl acetate. The combined organic layers were dried 
(sodium sulfate), decanted, and evaporated. Flash column 
20 '=i^omatographyon450gofsilicagelelutingwithl0%ethyl 

ace^te/hexane gave 13.7 g (89% yield) of Ar-(r.n-butoxycarbonyI).Ar.(3 
oxohexyDglycine ethyl ester as a yeUow oil. y^^^onyl) N (3- 

IH NMR (400 MHz. CDa3) showed two distinct rotamers in a 3 2 ratio 

rnfin ; n ^ " ^ 3H. J = 6 Hz). Rotamer B 

2^^ t = ' "-^^ 2H). 3.46 (t. 2H, J = 6 iL) 

30 9H) fli^. :^^) t'l ' ' ^-^^-^-^O 2H). 1.45 (s, 

yH), 1.23 (t, 3H. J = 7 Hz). 0.89 (t, 3H, J = 6 Hz). 



Mass spectrum (FAB): m/e = 202 (M-99). 
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StgP B; A^-(fg/t-Butoxvcarbonvn-A^-(3-(ben2vl aminQ^hexvnglvrip ^ 

ethvl ester. 

5 Benzylamine (5.7 g, 53.2 mmol) was added to stirred 

solution of //-(r^rr-butoxycarbonyl)-yV-(3-oxohexyI)glycine ethyl ester 
(8.07 g, 26.6 mmol) in 30 mL of pyridine and 30 mL of glacial acetic 
acid at 0 oc. A THF solution of sodium cyanoborohydride ( 1 .0 Af, 1 7.3 
mL, 17.3 mmol) was added via syringe at 2.0 mL/h. After completion of 

10 the addition, the reaction was continued at 0 to room temperature 
overnight. The reaction was poured into a mixture prepared from 20 mL 
of concentrated hydrochloric acid and 230 g of ice, and extracted with 4 x 
200 mL of ethyl acetate. The ethyl acetate layers were washed in 
succession with 500 mL of saturated aqueous sodium carbonate and 500 

1 5 mL of saturated aqueous sodium chloride, dried (sodium sulfate), 
decanted, and concentrated to give a yellow oil. Flash column 
chromatography on silica gel eluting with 5-50% ethyl 
acetate/dichloromethane furnished 5.44 g (59% yield) of N-itert- 
butoxycarbdnyl)-A^-(3-(benzylamino)hexyl)glycine ethyl ester as a yellow 

20 oa. 

1H NMR (400 MHz, CDCI3) was complicated by the presence of a 5:4 
mixture of rotamers: 5 7.36-7.18 (m, 4H), 4.16 (q, 2H, J = 7 Hz), 3.94- 
3.67 (m, 5H), 3.45-3.21 (m, 2H). 2.72-2.50 (m, IH), 1.75-1.21 
25 (m, 9H), 1 .43 and 1 .39 (two s, 9H), 0.89 (t, 3H, J = 7Hz). 

Mass spectrum (ESI): m/e = 393 (M+1). 

StgP C; A^-(rgrr-Butoxvcarfaonvn-A/^- r3-aminQhexvnglvcine ethvl 

30 ssSSL. 

A solution of 5.2 g (13.3 nmiol) of A^-(ferf-butoxycarbonyl)- 
A^(3-(benzylamino)hexyl)glycine ethyl ester in 15 mL of ethanol and 7.5 
mL of glacial acetic acid was shaken with 2.08 g of 20% palladium 
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hydroxide on carbon under 45-47 psi of hydrogen for 24 h. The mixture 
was filtered and catalyst was washed with ethanol. The filtrate was 
concentrated and the residue was partitioned between 100 mL of ethyl 
acetate and 50 mL of saturated aqueous sodium bicarbonate. The 
5 aqueous phase was extracted with 3 x 50 mL of ethyl acetate, and the 
combined organic layers were dried (sodium sulfate), decanted, and 
concentrated to give A^-(rerf-butoxycarbonyl)-A^-(3-aminohexyl)glycine 
ethyl ester as a colorless oil in quantitative yield. 

10 iH NMR (400 MHz. CD3OD) was complicated by the presence of a 2:1 
mixture of rotamers: 5 4.21-4. 14 (m, 2H). 3.97-3.86 (m. 2H), 3.59-3.50 
(m, IH), 3.43-3.17 (m, IH), 2.80-2.68 (m. IH). 1.75-1.65 (m, IH), 1.50- 
1.23 (m, 8 H). 1.47 and 1.40 (two s, 9H), 0.96-0.90 (m. 3H). MS(FAB): 
m/e = 303 (M+1). 

15 

S^gP t>- 4-(rgrf-Butoxvcarhnf^yl)- hexahvdrn-7-propv]-r?jy^- 1 d. 

diazepin-2-nnf, 



A solution of A^-(f£rr-butoxycarbonyl)-A^-(3- 
20 aminohexyDglycine ethyl ester(3.3 g. 10.4 mmol) in 40 mL of ethanol 
was refluxed for 2 d. The solvent was evaporated and the residue was 
purified by flash chromatography on 200 g of silica gel, eluting with 20- 
50% ethyl acetate/dichloromethane followed by 10% 
methanol/dichloromethane. 4-(r«rt-Butoxycarbonyl)-hexahydrD-7- 
25 propyl-(2/r)- 1 ,4-diazepin-2-one was isolated as 804 mg (30% yield) of 
white solid and 1.64 g (62%) of starting material was recovered. 

iH NMR (400 MHz. CD3OD) was complicated by the presence of a 
mixture of rotamers: 5 4.18-4.01 (m. 2H), 3.84-3.64 (m. IH), 3.51-3.30 
30 (m, 2H). 1.98-1.85 (m, IH). 1.71-1.33 (m. 5H). 1.45 (s, 9H), 0.94 (t, 3H. 
J=7Hz). 



Mass spectrum (FAB): m/e =157 (M-99). 
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<:tp p f • 1 -(rgrr-Pntnxvcarbo n YlV^^^^-7-tetrahvdro-3-mgthQXY-^- 
Fr?rv1-n H)-^ 4-dia7epine. 

Using the method described in Example 2, 4-(tert- 
5 butoxycarbonyl)-hexahydro-7-propyl-(2/0-l,4-diazepin-2-onewas 

converted into l-(f£/t-butoxycarbonyl)-2.5,6,7-tetrahydro-3-methoxy-5- 
propyl-( IH)-1 ,4-diazepine. 

1H NMR (400 MHz, CD3OD) was complicated by the presence of two 
10 rotamers: 6 4.30 and 4.17 (two d, IH, J = 16 Hz), 4.07-3.95 (m. IH), 
3.59 (s, 3H), 3.54-3.36 (m, 3H), 1.95-1.78 (m, IH), 1.61-1.32 (m, 5H). 
1.45 (s. 9H). 0.92 (t, 3H, J = 7 Hz). 



15 



Mass spectram (FAB): m/e = 256 (M+1). 

.Step F: 1 -(f grf-Butnx vcart>onvn -3-f f grf-butox vcarbonvlimino)- 
hexahvdrQ-5 -propvl-r 1 H)- 1 .4-diazepine. 



Using the method described in Example 3, 100 mg (0.373 
20 mmol) of l-(f«/t-butoxycarbonyl)-2,5,6,7-tetrahydro-3-methoxy-5- 

propyK 1 H)- 1 ,4-diazepine yielded 104 mg of crude 1 -(tert- 
butoxycarbonyl)-hexahydro-3-imino-5-propyl-( 1 fO- 1 ,4-diazepine 

hydrochloride salt as an amber foam. Without purification, this 
intermediate was dissolved in 1.0 mL of chloroform and treated with 

25 0.045 mL (41 mg, 0.36 mmol) of 1.1,3,3-tetramethylguanidine and 85 mg 
(0.392 mmol) of di-tert-hutyl dicarbonate. After stirring 24 h at room 
temperature, the mixture was partitioned between 25 mL of chloroform 
and 10 mL of saturated aqueous sodium chloride. The aqueous layer was 
extracted with an additional 25 mL of chloroform and the organic layers 

30 were dried (sodium sulfate), decanted, and evaporated. The residue was 
purified by flash column chromatography on 10 g of silica gel eluting 
with 20% ethyl acetate/hexane to furnish 46 mg (41% yield) of l-(fert- 
butoxycaibonyl)-3-(/«/t-butoxycaibonylimino)-hexahydro-5-propyl- 

(l/f)-l, 4-diazepine as a colorless film. 
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10 



15 



^HNMR(400MHz,CD3OD)- 54 22rhw lu t 

1 H). 3.96 (d, IH J = 16 ^\ .V. . ' ^ = *6 H^)' 4.02-3.84 (m, 
1-44 (s. 9H). 0.96 (t, 3H. J = 7 H^) ' '''' '^ ^"^^ (s. 9H). 




'HNMR(400MHz.CD3OD): S444M IH i ..r, > 



20 Mass spectrum (FAB): ni/e = 156 (M-2HCI+1). 



25 



30 



EXAMPf F 

CH3-^{|'-4^H 2HCI 
HgX^f]Y(1rrv3-imino-<s-n^^|K..i ...^ . 




a glycine ethyl ester were combined and reacted 
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with di-tert-huty\ dicarbonate to give N-(rerf-butoxycarbonyl)-A^-(3- 
oxobutyl)glycme ethyl ester. 

1H NMR (400 MHz, CDCI3) showed two distinct rotamers in a 3:2 ratio. 
5 Rotamer A (major): 6 4.14 (q. 2H, J = 7 Hz), 3.92 (s, 2H), 3.49 (t, 2H, J 
= 6 Hz), 2.79 (t, 2H. J = 6 Hz), 2.12 (s, 3H), 1.38 (s, 9H). 1.25 (t, 3H, J = 
7 Hz). Rotamer B (minor): 54.14 (q, 2H, J = 7 Hz), 3.97 (s, 2H), 3.46 (t, 
2H, J = 6 Hz), 2.74 (t, 2H, J = 6 Hz), 2.13 (s, 3H). 1.45 (s, 9H), 1.23 (t, 
3H, J = 7 Hz). 

10 

Mass spectrum (ESI): m/e = 296 (M+Na). 

Step B: A^-(rgyf-Butoxvcarbonvn-N-f3-rbenzvlam ino^butvnglvcine 
ethyl ester. 

15 

Using the method described in Example 154 (Step B), N- 
(/err-butoxycarbonyl)-A'^(3-oxobutyl)glycine ethyl ester was converted 
into //-(ferr-butoxycarbonyl)-N-(3-(benzylamino)butyl)glycine ethyl 
ester. 

20 

1h NMR (400 MHz, CDCI3) was complicated by the presence of two 
rotamers: 5 7.36-7.20 (m, 5H), 4.16 (bq, 2H, J = 7 Hz), 3.96-3.68 (m, 
4H), 3.50-3.21 (m, 2H), 2.89-2.66 (m, IH), 1.74-1.54 (m, 2H), 1.43 and 
1.40 (two s, 9H), 1.26 and 1.24 (two q, 3H. J = 7 Hz), 1.13 and 1.10 (two 
25 d, 3H, J = 6 Hz). 

Mass spectrum (ESI): m/e = 365 (M+1). 

Step C: N-( rg/t-ButoxvcarbonvlVAT-f S -aminobutvPglvcine ethvl 
30 ester. 

Using the method described in Example 154 (Step C), 
(rerr-butoxycarbonyl)-A^-(3-(benzylamino)butyl)glycine ethyl ester was 
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convened into ^-0--bu,oxycarbonyl)*(3.ami„obu.y,)g,ycine ethyl 
IH NMR (400 MHz, CDCI3) was complicated by the presence of twn 

(two s, 9H). 1.30-1.24 (m. 3H), 1.15-i.lO (J.Th) ' ' 
Mass spectrum (ESI): m/e = 275 (M+1). 
Step Dr 

diazepjp-^-^ri^, 

1 u "^"^^ '"^^^ described in Example 154 fSten a/ 

^'■""'^*^«'^-« «*y> el wL'coLLd 
'^(«"-'>u.oxyca.bo„yl).hexahydro-7-me*yK2«)., .4.dia«;„T 

IH NMR (400 MHz, CDCls) was complicated by the ptesence of 
20 64.35-3.35(m.5H). ..90.,.60 (m. I.44' (r9Hri.22 (d.. 

Mass spectrum (ESI): m/e = 229 (M+1). 

30 convened into H,er,Zu,.yc^il^6\'-^^:':°''' 

niethyKl«).I.4.diazepine. ^•^'^'-tetrahydro-B-methoxy-S- 

rotamers. 8 4.35 and 4. 14 (two d, 1H,J= 16 Hz). 3.95 (d, 1H.J= 16 
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Hz), 3.64-3.30 (m, 3H), 3.58 (s, 3H), 1.92-1.82 (m, IH), 1.63-1.52 (m, 
IH), 1.43 (s, 9H), 1.22 (d, 3H, J = 6 Hz). 

Mass spectrum (ESI): m/e = 243 (M+1). 

5 

Step F: l-(fgrf-Butoxvcarbonvn-hexahvdro- 3-iniino-5-methvl-ri/f)- 
1 .4-diazepine hydroc hloride. 

Using the method described in Example 3, \-(tert- 
10 butoxycarbonyl)-2,5,6,7-tetrahydro-3-methoxy-5-methyl-(l//)-l,4- 
diazepine was treated with ammonium chloride in ethanol. 
Recrystallization of the crude product from chloroform/dioxane yielded 
l-(re/t-butoxycarbonyl)-hexahydro-3-imino-5-methyl-( 1//)- 1 ,4-diazepine 
hydrochloride as white crystals. 

15 

1H NMR (400 MHz, CD3OD) was complicated by the presence of two 
rotamers: 5 4.53 and 4.45 (two d, IH, J = 16 Hz), 4.32 and 4.21 (two d, 
IH, J = 16 Hz), 4.13 (dt, IH, J = 14, 3 Hz), 3.96-3.86 (m, IH), 3.34-3.20 
(m. IH), 1.89-1.81 (m, IH), 1.78-1.62 (m, IH), 1.47 (s, 9H), 1.35 (d, 3H, 
20 J = 6 Hz). 

Mass spectrum (ESI): m/e = 228 (M-HCl+1). 

Step G: Hexah vdro-3-imino-5-methvl-( 1 H)- 1 .4-diazcDine 
25 dihvdrochloride. 

Using the method described in Example 130 (Step D), 1- 
(ferr-butoxycarbonyl)-hexahydro-3-imino-5-methyl-( \H)- 1 ,4-diazepine 
hydrochloride was converted into hexahydro-3-imino-5-methyl-(lif)-l,4- 
30 diazepine dihydrochloride. 

iH NMR (400 MHz, CD3OD): 5 4.54 (d, IH, 1=15 Hz), 4.21 (d, IH. 
15 Hz), 4.10-4.01 (m, IH), 3.64 (dt, IH, J = 14, 3 Hz), 3.40 (td, IH, J = 
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14. 3 Hz), 2.08 (dtd. IH. J = 14, 3, 1 Hz), 2.01-1.88(m, IH), 1.43 (d. 3H, 
Mass spectrum (FAB): m/e = 128 (M-2HC1+1). 

EXAMPLE 156 

^--^fj^NH 2HCI 

2 -JmjnQ-derahY4ro-cjs-l 4-hrn7ore)di..Pp n. h^k^^,^^^ , ^ ^ ^, 

N-2-Nitrnp h.r 

fifi 9 ^ n -^"i glycine methyl ester hydrochloride (8.31 g 

66 2 T"n "i?."^ "^^^ "^'^^ 2-nitrobenzaldehyde (10 g 

66.2 mmol) and 27 g of powdered molecular sieves (3A) After stitina 
at room temperature overnight, sodium cyanoborohyd^i* (^ ^^^^^ 

s".^d"^f r' h"" '''^ reaction'mixtu^e was'^^^er 

st^d for 8 h. The solvent was removed under reduced pressure. The 
rescue was suspended in EtOAc and filtered throught a pad of celite The 
filtrate was washed with ^at Mawnrio -ru ^ ceiite. The 

twice with p.n A ^ NaHC03. TTie aqueous layer was extracted 

A fx o ^^'"bined organic layers were dried over 
^ydrous Na2S04. filtered , concentrated and chromatog^aph^ on 
pr^uct hexane-EtOAc to give 2.94 g of theVsired 

7.6(1H, t, J=8Hz). 7.44(1H. t, J=8Hz), 4.n(2H. s), 3.73(3H. s). 3.47(2H; 
Mass Spectrum m/e = 225 (M++1 ) 
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Step B: N-(2-Aminophenvn methvl-N-t-butvloxvcarbonvl-glvcine 
methvl ester 

5 To a solution of N-2-nitrophenylmethyl-glycine methyl ester 

(2.94 g, 13.1 mmol) in 80 ml CH3CN was added di-t-butyl dicarbonate 
(3.43 g. 15.7 mmol) and diisopropylethylamine (6.8 ml, 39 mmol). After 
stirring at room temperature overnight, the solvent was removed under 
reduced pressure, diluted with EtOAc, washed with NH4CI solution. The 

10 aqueous layer was extracted with EtO Ac twice. The combined organic 
layers were dried over anhydrous Na2S04, concentrated and 
chromatographed on silica gel eluting with hexane-EtOAc to give 4.1 1 g 
of N-2-nitrophenylmethyl-N-t-butyloxycarbonyl-glycine methyl ester. 
This material was dissolved in 150 ml of MeOH and hydrogenated in a 

15 Parr shaker (50 psi) with 164 mg of 10% Pd/C overnight. The reaction 
mixture was then filtered through a pad of celite and was concentrated. 
The residue was chromatographed on silica gel eluting with hexane- 
EtOAc to give 3.6 g of the desired product. 

20 iH-NMR (500MHz, CDCI3): 5 7. 1(1H, t, J=7.6Hz), 6.97(1H, d, J=7Hz), 
6.66(2H, multiplet). 4.47(2H, s), 4.41(2H, br. s), 3.71(3H, s), 1.46(9H, s). 

Mass spectrum m/e = 295 (M++1). 

25 Step C: 4-t-Butvloxvcarbonvl-4.5-d ihvdro-lH-ben2Q-feV1.4-dia2epin- 
2f3HVone 

To a 150 ml DMF solution of N-(2-aminophenyl)methyl-N- 
t-butyloxycarbonyl-glycine methyl ester (3.6 g, 12.2 mmol) was added 
30 NaH (308 mg, 12.8 nraiol). After stirring overnight, DMF was removed 
under reduced pressure. The residue was diluted with CH2CI2 and was 
washed with aqueous NH4CI. The aqueous layer was extracted with 
CH2CI2 twice. The combined organic layers were dried over anhydrous 
Na2S04, filtered and concentrated to give pale yellow fluffy solid. This 
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materiaJ was suspended in hexanes • EtOAr - s i -ru i • ^ 

' ' ^ ^^ ^(^H. br „). 

Mass spectrum m/e = 263 (M++1), 163(M+-Boc). 

dned over anhydrous Na2S04. filtered and concentrated. TT," reX' 
20 :elZ°:Z^^Z^- - he.ane.H.O.c7or 

Mass spectrum m/e = 269(M++1), I69(M+-Boc). 

described in e^i^Ttd 7 " ^^^^^^ 
30 Mass spectrum m/e = 268(M++ 1 ) 



give 
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To EtOAc (1 mL) solution of 30 mg (0.1 mmol) of 4-t- 
butyloxycarbonyl-2-iniino-decahydro-cis- 1 ,4-benzo(e)diazepme 
hydrochloride was added 2ml of EtOAc solution of anhydrous HCI. 
After stirring for Ih, the solvent was removed under reduced pressure to 
5 give 21.6 mg of the desired compound. 

Mass spectrum m/e = 1 68 (M++ 1 ) 

EXAMPLE 157 

10 

2-Imino-decah vdro-cis-3H-h en2( e^azepin hvdrochloride 




15 Step A: 4,5-Pihvdro-3H-henz(eWepin-7.nH^-on^ 

Sodium azide (1.1 1 g, 17 mmol) was suspended in 7 mL CHCI3 / 
1.3 mL H2O and cooled to 0 OC in an ice bath. Sulfuric acid ( 0.5 mL) 
was added dropwise, and the suspension was warmed to room 

20 temperature. After 15 minutes, the CHCI3 layer was removed and dried 
with Na2S04. After filtering, the CHCI3 solution was added to a 
solution of l.Og a-tetralone (6.84 mmol) in 2mL CHCI3. The combined 
solutions were cooled to 0° C in an ice bath, and 2.2 mL sulfuric acid 
was added dropwise. After addition, the solution was warmed to 45© C 

25 for 45 minutes, then cooled to room temperature. The H2SO4 phase was 
diluted with H2O and cooled to 0° C. A 50% aqueous solution of NaOH 
was added dropwise until pH=13. The resulting suspension was diluted 
with H2O / EtOAc and stirred until the solids were dissolved. The 
aqueous phase was extracted with ethyl acetate, and the combined 

30 organic layers were dried with Na2S04. filtered, concentrated, and 
chromatographed with hexanes / ethyl acetate to isolate 0.64g (58%) of 
the product. 
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IH NMR 500 MHz (CDCI3): 2.18-2.27 (m. 4H), 2.76 (t. 2H), 7 ( app d 
IH), 7.12 (app. t. IH). 7.23 (app.t. 2H). 

5 Mass spectrum m/e =162 (M+1) 

Step B: 0ctahvdro-cis-3H-hP,i7 fe)-a2enin-?rm)-^^ >» 

4.5-Dihydro-3H-benz(e)azepin-2(lH)-one (0.5 g, 3.1 mmol) was 
1 0 dissolved in 4 mL acetic acid and 0.25 g platinum (IV) oxide was added 
The mixture was shaken under a hydrogen atmosphere at 50 psi 
overnight. The mixture was filtered through Celite. which was then 
washed with lOmL ethyl acetate. The collected solution was 
concentrated to a crystalline solid. Chromatography with hexanes / ethyl 
1 5 acetate isolated 0.45g (87%) of product. 

IH NMR (400MHz, CDCI3) 1.1-1.9 (m. 12H), 2.45 (m, 3H), 3.76 (app. s 
IH), 5.2 (br s IH). 

20 Mass spectrum m/e = 1 68 (M+ 1 ) 

Step C; 2-Tmfno-fir rn hydro-3H-hen7rp Wpin hvr^ p-^ hb ri -^r 

^ compound was prepared following the procedure 

25 described in Examples 2 and 3. 

IH NMR (500 MHz, CD3OD) 1.0-2.4 (m, 13H), 2.58-2.76 (m. 3H). 3 34 
(m. IH), 3.98 (s, IH). 

30 Mass spectrum m/e = 167 (M+1) 
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EXAMPLE 158 




.HOAc 



5 Trans-Octahvdro-3-imino-2H-1.4-benzthiazine. acetic acid salt 

The title compound was prepared from trans-2-aminocyclohexanol 
hydrochloride according to the procedure described in Example 140. 

10 Mass spectrum m/e = 171 (M+1) 

EXAMPLE 159 




.HOAc 



15 

Cis-OctahvdrQ-3-imino-2H-1.4-benzthiazine. acetic acid salt 
Step A: 2-Ethoxvcarbonvlmethvlthio-cv clohexanone 

20 A solution of 1 . 1 4 mL (10 mmol) of 2-chlorocyclohexanone 

in 15 mL of EtOH was treated with 1.1 mL (10 mmol) of ethyl 2- 
mercaptoacetate and 1.38 g (10 nmiol) of K2CO3. After stirring for 1 h 
the reaction mixture was partitioned between water and Et20:EtOAC. 
The organic layer was washed with water, brine, dried and concentrated. 

25 Purification of the residue by chromatography using a gradient of 10-20% 
EtOAc-hexane furnished 2.0 g of the title compound. 

Step B: Cis-Hexahvdro-1.4-benzthiaxa2in- 3f4HVone 
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To a solution of 0.43 g (2 mmol) of 2- 
ethoxycarbonylmethylthio-cyclohexanone in 5 mL of MeOH 0 12 e 

I JJ^!"^^ f ^^^^ "^^^ ^^^'^ '"^^^^ ^0 min to allow some 
of NH4CI to dissolve. A THF solution of NaCNBHs (IM, 2 3 mL) was 
dropwise added to this mixture with a syringe pump over 40 min. White 
precipitate was formed as the reducing agent was added. After stirring 
tor 4 h, the reaction was quenched by adding NaHCOa solution and 
extracted with EtOAc. The organic layer was washed with water, brine 
dned and concentrated. The residue was dissolved in 3 mL of EtOH ' 
heated to 50 oc for 2 h then allowed to stand for 2 d. TTie solution was 

irZTvfn"^'' chromatographed using a gradient of 

20-1^% EtOAc-hexane to isolate 30 mg of the desired product along 
with 53 mg of the trans-hexahydro- 1 ,4-benzthiaxa2in-3(4H).one. 

2H H f '•'■'•^ ^">' 3-22 and 3.34 (AB q. 

2H, J=16 Hz), 3.75 (m, IH). 6.3 (br s, IH). 




h ^J^^ '''l^ compound was prepared from cis-hexahydro- 1 4- 
benzthiaxazin-3(4H).one by the method of Example 140 step D and E 

(a, IH), 3.74 (m, IH), 3.79 (d, IH) 

25 

Mass spectrum m/e = 171 (M+1) 

EXAMPT F 1^ 

30 ^^{j^NH HCI 

2-Imin^^((^H)-oy fi-r r r-h eTH bydr^vr 1 H)-nninolin e hvHrn.hi^^ ^, 
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Step A: l-Benz vl-3.4.6,7>tetrahvclro-pvrindin-2,5-dione 

To a solution of 3-benzylainino-cyclopent-2-en-l-one (5.0 g, 0.027 
mol) in dry tetrahydrofuran (THF) (120 mL) at reflux temperature was 
5 added over 90 min. a solution of acryloyl chloride (3.15 g, 0.035 mol) in 
THF (60 mL). Stirring at reflux temperature was maintained for an 
additional 10 hours. The reaction mixture was cooled and washed with 
saturated sodium bicarbonate solution (100 mL). The aqueous layer was 
extracted with diethyl ether (2 x 100 mL), and the combined organic 
10 layers dried (Na2S04), and evaporated. The residue was 

chromatographed on silica gel (20-30% acetone/hexane) to afford the tide 
compound as an oil that solidified upon standing; yield 2.17 g (34%). 

iH NMR (400 MHz, CDCI3): d 2.45 (m, 2H); 2.52 (m, 2H); 2.63 (m, 
15 2H); 2,73 (t, 2H); 4.91 (s, 2H); 7.18-7.36 (m, 5H). 

Mass spectrum: m/e 242 (M + 1). 

Step 3; l-Pgnzyl-cw'hgxahydro-pyrindin-2t^"<;iwng 

20 

A mixture of l-benzyl-3,4,6,7-tetrahydro-pyrindin-2,5-dione (780 
mg, 3.23 nunol) and sodium carbonate (156 mg) in ethanol (40 mL) was 
hydrogenated in the presence of 10% palladium-on-charcoal (390 mg) at 
50 psi for 48 h. The catalyst was removed by filtration through Celite, 

25 washed with methanol, and the combined filtrate and washings 

evaporated. TLC indicated a mixture of the saturated ketone and slower- 
moving alcohoL The crude product was therefore subjected to oxidation 
with tetrapropylanmionium perruthenate(VII) (TPAP) (52 mg, 0.147 
mmol) in methylene chloride (8 mL) in the presence of 4- 

30 methyhnorpholine N-oxide (514 mg, 4.39 nunol), and powdered 4 A 

molecular sieves ((1.47 g). After stirring for 1 h at room temperature, the 
reaction mixture was placed on top of a colunm of silica gel (30 g) 
(packed as a slurry in 20% acetone/hexane). Elution with the same 
solvent system afforded the tide compound; yield 540 mg (69%). 
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Mass spectrum: m/e 244. (M + 1). 

— -■ >ri, . .vrmilVdro-nilinnlinp-? /f-^j one anri 1. 

l?CnZYl-<>-o;ta-ri.c.h..T»hY ^ r, ^ auinoi;n,.? ■j-^j ^ p . 

m» n """n"" °f ,'-''="^'-'^«-''«^y<l«'-Pyrindin-2.5-dione (195 
00 1) 'I" 7'°™ "^^ P-o'-enesuIfonic acid 

Z"^f • M °^ m-chloroperbenzoic acid (138 mg, 0.801 

mmol) ,„ chlorofom, (5 mL). n,e reaction mixture was stiLd for 2 days 
15 ^' room temperature and then evaporated. n,e residue was 

(-1^5 W*e 1°" 'V'"'^ -«one/h«3„e) to afford a mixmre 
I 33.43) of the uUe compounds; yield 73 mg (35%). 

IH NMR (400 MHz, CDCI3) for I-benzyl-J-oxa-c^-hexahydro-' 
4"6"rit%*-^^^^^^^^^ -.3.a3C<,. ,„/4.01 (d. IH. 

^ n7<:, , J"**"'"**"""^ of lactones from Step C (65 me 
0.251 mmol) m THF (1 mL) cooled to -78"C was added 

" •"'^ ^<'""'°" he'canes) (0.50 mL 0 502 
m™.l). After stunng for 1 hour at -78 "C. the reaction was qu^Led by 
pourmg mto saturated ammonium chloride solution a, 0 »C. The mLt^ 
r^T^ (2 X 25 mL) and the combtoedo^rc 

^ withlil^Le 
(41 mL, 0.258 mmol) and boron trifluoride-etiierate (23 mL 0 189 mmnii 
m methylene chloride (1 mL) at -20 »C for 1 hour. iddiSi^ 
tnethylsdane (27 mL) and bot^n trifluoride-eti^erate (2, mL) wete added. 
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and the mixture was stirred overnight at room temperature. The mixture 
was diluted with methylene chloride, washed with saturated sodium 
bicarbonate solution, dried (Na2S04) and evaporated. Chromatography 
on silica gel (20% acetone/hexane) afforded the title compound as the 
5 faster-moving on TLC of the two products; yield 5.2 mg. 

iH NMR (400 MHz, CDCI3): d 1.77 (m, IH); 2.09 (m, 2H); 2.45 (dq, 
IH); 2.77 (septet, IH); 3,29 (m, IH); 3.51 (m, IH); 3.75 (m, IH); 3,88 
(m, IH); 4.11 (d, IH); 5.31 (d, IH); 7.21-7.32 (m, 5H). 

10 

Mass spectrum: m/e 246 (M + 1). 

Step E: 5(6H)-Oxa-c/5-hexahvdro-quinoline-f lH)-2-one 

15 The above compound is prepared in a similar fashion as 

Example 121, Step D, but substituting l-ben2yl-5(6H)-oxa-ci5- 
hexahydro-quinoline-2-one in place of l-benzyl-3-methyl-octahydro-c/j- 
pyrano[4,3-b]pyridin-2-one. 

20 Step F: 2-IniinQ-5f6HVoxa-ci.y-hexahvdro-riHVq uinoline hvdrochloride 

The above compound is prepared from 5(6H)-oxa-ci5- 
hexahydro-quinoline-(lH)-2-one following the procedures described in 
Steps E and F of Example 116. 

25 

EXAMPLE 161 



NH HCI 

30 2-Imino-4-methvl-5f 6H Voxa-cis-hexahvdro-f 1 H Vquinoline 
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A solution of 3-benzylamino-cyclopent-2-en- 1 -one (2 0 2 
10.7 mmol) and diethyl ethylidenemalonate (2.5 mL. 13.7 mmol) was 
stirred for 5 days at 140 <>€. The cooled mixture was evaporated, and the 
residue partitioned between ethyl acetate and brine solution. The organic 
^yer was evaporated, and the crude product chromatographed on silica 
gel (25% acetone/hexane) to afford the title compound as an oU that 
sohdified upon standing; yield 950 mg (35%). 

IH NMR (400 MHz, CDCI3): d 1.1 l(d, 3H); 2.42 (m, 2H); 2.53-2.65 

■Txi ^^' . ^""^^ ^-^^ ^ ^">' 5.07 (d, IH); 7.18- 

/•J / (m, 5H). 

Mass spectrum; m/e 256 (M + 1). 

Step P: ]-Ben;^v|-4-merhvl-rf>-hexahvHrr>,pvp ^din-2 S-di^n ^ 

p , ,,7^^^^°''^'=°"'^°""** is prepared in a similar fashion as 
Example 160, Step B, but substituting l-ben2yl.4.methyI-3,4,6,7- 

2:?S:nr ^^^^ ^ ' Wyl.3,4,6.7-tetrahydro- 



25 



30 




p 1 ,,7^^ ^*'°''^*'''°'P°"°**»s prepared in a similar fashion as 
DvTJ!n% . ; ^"^^^^^g l-benzyI.4-methyl-c«-hexahydro- 

pyrmdm-2.5-dione m place of l-benzyl-c/5.hexahydro-pyrindin-2 5- 
oione. ' 




t: , , .7^^ ^^""^ compound is prepared in a similar fashion as 
Example 160, StepD, but substituting I-ben2yI-4.methyl-5-oxa.c«- 
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hexahydrc>-quinoline-2,6-dione and l-benzyl-6-oxa-c/5-hexahydro 
quinoline-2,5-dione in place of l-benzyl-5-oxa-c/5-hexahydro-quinolme- 
2,6-dione and l-benzyl-6-oxa-ci5-hexahydro-quinoline-2,5-dione. 

5 Step E: 4-Methvl-5(6HVoxa-cis-hexahvdro-quinoline-nH)-2-one 



The above compound is prepared in a similar fashion as 
Example 121, StepD, but substituting l-benzyl-4-methyl-5(6H)-oxa-c/5- 
hexahydro-quinoline-2-one in place of l-benzyl-3-methyl-octahydro-c/5- 
1 0 pyrano[4,3-b]pyridin-2-one. 

Step F; 2-InUPQ^-niethy|-g(^H)-oxa-<:/5-hg?cahydrQ-(lH)-quin9Une 

hyciifpghlpri^ig 

15 The above compound is prepared from 4-methyl-5(6H)-oxa- 

ci5 -hexahydro-quinoline-(lH)-2-one following the procedures described 
in Steps E and F of Example 116, 

EXAMPLE 162 

20 




2-Imino-decahvdro-trans- 1 .4-ben2Qf e^diazepi ne dihvdrochloride 



25 Step A: M and (-) -cis-2-t-Butvloxvcarbonvlamino- 
cvclohexanemethanol 

To a 60 mL ethanol solution of (+)-cis-2-benzylaniino- 
cyclohexanemethanol (2 g, 9,1 mmol) was added 0.7 g of 10% Pd/C. 
30 This mixture was subjected to hydrogenolysis condition in a Parr shaker 
(H2, 50 psi) overnight. Then the catalyst was removed by suction 
filtration through a pad of Celite. The solvent was removed under 
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reduced pressure and the residue was dissolved in 60 mL of acetonitrile 
To ,t was added 1 1 mL of IN NaOH and 2.39 g (1 1 mmol) of di-t-butyl' 
dicarbonate. After stirring overnight, the solvent was removed under 
reduced pressure. Resulting oil was chromatoghaphed on silica gel 
5 elutmg with hexanes/EtO Ac to obtain 1 .98 g of (+) -cis-2-t- 
butyloxycarbonylamino-cyclohexanemedianol. (-) -cis-2-t- 
Butyloxycarbonylamino-cyclohexanemethanol was obtained in a similar 
fashion starting from (-)-cis-2-benzylamino-cyclohexanemethanol. 

, ' ^-^^^ ^' ^">' ^-^Cbr s, IH), 4.05(br s, 
IH), 3.4-3.2(m, 2H). 1.8-0.8(m, 17H). 

^^^P ^ g^S-2-tPutyloxyrarbonvl-aminorvclnhP..n.o^^^ ^>^|^^y,^.^^ 

n fi^ ^fo"^ dichloromethane solution of dimethylsulfoxide 

wi;h '^^"^ """^^^ (^'1^ 13.0 mmol) 

with coolmg m a diyice-acetone bath. After stirring for 15 min. a 

soluuon of 1 g (4.36 mmol) of (+) -2-t-butyloxycarobonylamino. 

cyclohexanemethanol and (-) -2-t.butyloxycarbonylamino. 

20 cyclohexanemethanol (1 g, 4.36 mmol) in 30 mL of CH2C12 was added 

and -60 oc for 35niin and the reaction was quenched by addition of 4 86 
mL (34.8mmol) of Et3N . THe cooling bath was removed JZ 
reaction mixture was warmed up to room temperature. The solvent was 
25 ^moved under reduced pressure and the residue was diluted with EtOAc 
and water. The phases were separated and the aqueous phase was 
extracted twice with small portions of EtOAc. The combined organic 
phases were dned over anhydrous Na2S04. filtered, concentrated and 

30 c^^?^^"" hexanes/EtOAc to obtain 2.0 g 

JU of the title compound. """x.ug 

IH), 2.7 (br s, IH), 2.0-1.2 (m., 17H). 
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StepC: cis/trans-2-t-ButvloxvcarbQnvlamino- 
cvclohexanecarboxaldehvde 

(+/-) -cis-2-t-Butyloxycarobonylamino- 
5 cyclohexanecarboxaldehyde (2 g, 8.8 mmol) was dissolved in 100 mJL of 
methanol. To it was added NaOMe/MeOH prepared from 10 mg sodium 
and 5 mL of dry methanol. This mixture was heated to reflux for 2 h then 
47mg of NH4C1 was added and the solvent was removed under reduced 
pressure. The residue was chromatoghaphed on silica gel eluting with 
10 hexanes/EtOAc to obtain 1.7 g of the title compound. The ratio of cis 
and trans isomers was determined to be 1 : 3.2 (cis/trans) by IH-NMR. 

IR-NMR for (+/-) -trans-2-t-Butyloxycarbonylamino- 
cyclohexanecarboxaldehyde (500 MHz, CDCI3): d 9.6 (s, IH), 4.5 (br s, 
15 IHX 3.8 (br.s, IH), 2,05-1.2 (m, 17H). 

Step D: N-(gi?/ti^$-(2-t-PutylpxygaTb9nylaminQ-gyclQhgxyI)mpft 
, glycmg mgthyl ester 

20 To a 75 mL dry methanol solution of (+/-) -cis/trans-2-t- 

butyloxycarbonylamino-cyclohexanecarboxaldehyde (1.7 g, 7.5 nmiol) 
were added glycine methylester hydrochloride (1.13 g, 9 mmol) and 3 g 
of powedered molecular sieves (3A). After stirrring overnight, a THF 
(50 mL) solution of 1.4 g (22.3 mmol) of sodiumcyanoborohydride was 

25 added. This mixture was stirred for 8 h and the solvent was removed 
under reduced pressure. The residue was suspended in EtOAc and was 
filtered through a pad of Celite. The filtrate was washed with sat. 
NaHC03, dried with anhydrous Na2S04, filtered, concetrated and 
chromatographed on silica gel eluting with hexanes/EtOAc followed by 

30 CH2C12/MeOH to obtain 600 mg of the desired compound. 

iH-NMR (500MHz, CDCI3): d 3.73 (s, 3H), 1.45 (s, 9H) other peaks 
could not be analyzed due to the broadning . 
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Mass Spectrum: m/e = 301 (M+1). 

^'^P N-(Q?/trap.s.f?-aimnQ-CYc|ohrxvnmethvlV piv.i.o ^.,|,..| 

5 To a 10 mL EtOAc solution of (+/-)-N-(cis/trans-(2-t- 

butyloxycarbonylamino- ^^^^^ 

mg, l^mmol) was added 10 mL of EtOAc saturated with anhydrous HQ 
gas. After stimng for 2 h, the solvent was removed under reduced 

I ^llTV°.^'' ^ "^^^^ ™^ '"^^^"^ chromatographed on 
nf r f T C"C^3:MeOH:NH40H (40:10:1) to obt^n 180 mg 
or the desired product. 

IH-KMR (500 MHz, CDCla): d 3.75 (s. 3H). 3.05-2.95 (.n, 3H). 2.4-2.3 
Mass Spectrum: m/e = 201(M+1). 

To a 10 mL absolute ethanol solution of (+/.)-N-(cis/tians r2 

h.«ted «, teflu, ovenjjght TUZ analysis of the reaction indicatJH^at 
the startmg material disappeared and a product was fonned. TTien the 
solvent was removed under reduced pressure. Resuting material w^ 

254 m??,M °'rr-^«'- ^ 2 mL of water, to which w^^dded 

of dr-t-butyldicarbonate. After stning overnight, 
acetommle was amoved under reduced pressure and the t^sidue^Ts 
dduted w,.h EtOAc and saturated ammonium chloride solution Te 
orgamc phase was separated and the aqueous phase was extracted with 
N^sm^;^ "^"^ anhydrous 

CT2c1^enH rr^.'"'' ='"<"°«°8«Phed on siUca gel eluting 
with CH2C12*IeOH to obtam 146 mg of the desired compound 
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iH NMR (500 MHz, CDCI3): d5.3 (br.s, 2H), 4.2-3.6 (br m, 4H), 3.05 
(br s. IH), 2.8 (br s, IH), 1.47 (s, 9H). 

5 Mass Spectrum: m/e = 269 (M+1). 

StepG: 4-t-Butvloxvcarbonvl-2-imino-deca hvdro- 1 H-benzo(e Vtrans- 
1.4-diazepine 

10 This compounds were prepared following the procedure of 

EXAMPLE 43 Step E and F. The cis and trans isomers were separated 
by silica gel chromatography eluting with CHC13:MeOH:NH40H 
(40:5:1). 

15 iH-NMR (500 MHz, CDCI3): d4.7 (m, IH), 4.2-3.6 (m. 5H), 3.05 (br s, 
IH), The rest of the spectum could not be analyzed due to line broadning. 

Mass Spectrum: m/e = 268 (M+1). 

20 Step H: 2-Imino-decahvdro-trans- 1 .4-benzof eMiazepine 
dihvdrochloride 

Title compound was prepared as described in Example 156 Step F. 
25 Mass Spectrum: m/e = 168(M+1). 
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WHATTSri^fMpp j^. 

1. A compound of Formula I 

' I 

or a pharmaceuticaUy acceptable salt thereof wherein- 
side a or side b has a double bond, 
n is 0, 1,2, 3 or 4 

(a) hydrogen, 

Cb) Ci-i2alkoxy, 

^5 (c) Cl.i2aIkylS(0)k wherein k is 0. 1 or 2 

(d) mono Ci.i2alkyIamino, 

(e) (di-Ci-i2alJcyl)aniino, 
(0 Ci.i2alkylcarbonyl, 
(g) Ci-i2alkyl, 

20 (h) C2-I2alkenyl, 

(i) C2-l2alkynyI. 
0) C5-10cycloalkyl, 

(k) hetero C5-l0cycloalkyI, wherein the hetero Cs-iocycloallcyl 

25 3n '"""^^ ^ °' ^ heteroatoms selected from S, O 

0) aiyl, selected from phenyl or naphthyl 

(m) heteroaryl, wherein heteroaryl is selected from the group 
consisting of: ^ ^ 

benzimidazolyl, 
(2) benzofiiranyl. 
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(3) benzooxazolyl, 

(4) furanyl, 

(5) imidazolyl, 

(6) indolyl, 

5 (7) isooxazolyl, 

(8) isothiazolyl, 

(9) oxadiazolyl, 

(10) oxazolyl, 

(11) pyrazinyl, 
10 (12) pyrazolyl, 

(13) pyridyl, 

(14) pyrimidyl, 

(15) pyrrolyl, 
(17) isoquinolyl, 

15 (18) tetrazolyl, 

(19) thiadiazolyl, 

(20) thiazolyl, 

(21) thienyl, and 

(22) triazolyl, 

20 (n) amino, 

(o) oxo, 
(p) C(0)OH. 

(q) C(0)0R6, R6 is selected from hydrogen, phenyl, cyclohexyl 
orCi-6alkyl. 

25 each of (b) to (m) being optionally mono or di- substituted 

the substituents being independently selected from 

(1) hydroxy, 

(2) carboxy, 

(3) -NR6R7. where R7 is selected from hydrogen, phenyl, 
3 0 cyclohexyl or C 1 -6alkyl, 

(4) -OR6. 

(5) -C(0)0R6. 

(6) -S(0)kR6. 

(7) halo selected from F, CI, Br and I, 
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(8) -C(=NR6)-NHR7, 

(9) -S-C(=NR6)-NHR7, 
(r) hydroxy, 

or when two members of the group Ri, R2 and R3 including the 
5 optional substituents present thereon, reside on the same 

atom of Formula I, or two of the group Ri, R2 and R3, 
includmg the optional substituents present thereon, reside 
on adjacent atoms of Formula 1, said two members may 
optionally be joined, such that together with the atoms to 

which they are attached there is formed a saturated or 
unsaturated monocychc ring of 5, 6 or 7 atoms, said 
monocyclic ring optionally containing up to three hetero 
atoms selected from N, O or S, 
or when a member of the group Ri, R2 and R3 including the 
^ ^ optional substituents present thereon, resides on an atom 

adjacent to the N on which R4 resides, said member may 
optionally be joined with R4, such that together with the N 
on which R4 resides and the carbon on which said member 
resides there is formed a saturated or unsaturated 
monocyclic heterocycle of 5, 6 or 7 atoms, said monocycle 
optionally containing up to three hetero atoms selected from 
N, O or S, 

with the proviso that one of Ri 2 and R 1 3 are other than H, 
R4, R5 and R5a are each independently selected from the group 
25 consisting of 

(a) hydrogen, 

(b) linear and branched C 1 . 1 2alkyl, optionally mono or di- 

substituted, the substituents being independently selected 
from 

30 (1) hydroxy, 

(2) carboxy, 

(3) -NR6R7, 

(4) -OR6. 

(5) -C(0)0R6. 
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(6) -S(0)kR6. 

(7) halo selected from F, CI, Br and I, 

(8) phenyl, optionally mono or di-substituted with 

hydroxy, halo, C i -4alkyl, or C 1 -4alkoxy , 
5 (c) -C(0)NR8R9. where R8 and R9 are each independendy 

hydrogen, phenyl, cyclohexyl or Cl-6alkyl, said Cl-6alkyl 
optionally substituted by 

(1) hydroxy, 

(2) amino, 
10 (3) carboxy, 

(4) -NRioRl 1 , wherein Rio and Rl 1 are each 

independendy H, Ci-6alkyl, phenyl or benzyl, 

(5) -ORio, 

(6) -C(O)ORl0. 

15 (7) -S(O)mRl0, where m is 0, 1 or 2, 

(8) halo selected from F, CI, Br and I, 

(9) optionally substituted aryl wherein aryl and aryl 

substituents are as defined above, 

(10) opdonaUy substituted heteroaryl wherein heteroaryl and 
20 heteroaryl substituents are as defined above, 

(11) optionally substituted C5-10cycloalkyI wherein 

cycloalkyl and cycloalkyl substituents are as defined 
above, 

(12) optionally substituted hetero Cs-iQcycloalkyl wherein 
25 hetero cycloalkyl and hetero cycloalkyl substiments 

are as defined above, 

(d) -C(S)NR8R9, 

(e) -C(0)R9, 

(f) -C(0)0R9, 
30 (g) .C(S)R9. 

(h) phenyl, 

(i) cyclohexyl, 

provided that R4 is present only when side a is a single bond and R5a is 
present only when side b is a single bond. 
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2. A compound according to claim 1 wherein 
n is 0, 1, 2, 3 or4, 

X is selected from CH2, CR12R13. O, S(0)m. NH, and -N(Ci-6alkyi)-, 
m is 0, 1 or 2, 

5 Ri, R2, R3, R12 and R13 are each independently selected from the group 
consisting of 

(a) hydrogen, 

(b) Ci.6alkoxy, 

(c) Ci-6alkylamino, 
10 (d) Ci-6alkylcarbonyl. 

(e) Ci.6alkyl, 

(f) C2-6alkenyl, 

(g) C2-6alkynyl, 

(h) C5, C6 or C7cycloalkyl, 

(i) hetero C5, C6 or Cvcycloalkyl.wherein the hetero C5, C6 or 
Cvcycloalkyl optionally contains 1 or 2 heteroatoms selected 
from S, O and N, 

0) aryl, selected from phenyl or naphthyl, 
(k) heteroaryl, wherein heteroaryl is selected from the group 
20 consisting of: 

(1) benzimidazolyl, 

(2) benzofiiranyl, 

(3) benzooxazolyl, 

(4) ftiranyl, 
25 (5) imidazolyl, 

(6) indolyl, 

(7) isooxazolyl, 

(8) isothiazolyl, 

(9) oxadiazolyl, 
30 (10) oxazolyl, 

(11) pyrazinyl, 

(12) pyrazolyl, 

(13) pyridyl, 

(14) pyrimidyl. 
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(15) 


pyrrolyl. 


(16) 


quinolyl. 


(17) 


tetrazolyl. 


(18) 


thiadiazolyU 


(19) 


thiazolyl. 


(20) 


thienyl, and 


(21) 


triazolyl. 



(1) hydroxy, 

each of (b) to (k) being optionally mono or di- substituted 
10 the substituents being independently selected from 

(1) hydroxy, 

(2) carboxy, 

(3) -NR6R7, where R6 and R? are selected from hydrogen, 

phenyl, cyclohexyl or Ci-6alkyl, 
15 (4) -OR6. 

(5) -C(0)0R6, 

(6) -S(0)kR6, 

(7) halo selected from F, CI, Br and I, 

(8) -C(=NR6)-NHR7, 
20 (9)-S-C(=NR6)-NHR7, 

or when two members of the group Rl, R2 and R3 including the 
optional substituents present thereon, reside on the same 
atom of Formula I, or two of the group Rl , R2 and R3, 
including the optional substiments present thereon, reside on 

25 adjacent atoms of Formula I, said two members may 

optionally be joined, such that together with the atoms to 
which they are attached there is formed a saturated or 
unsaturated monocyclic ring of 5, 6 or 7 atoms, said 
monocyclic ring optionally containing up to three hetero 

30 atoms selected from N, O or S, 

or when a member of the group Rl, R2 and R3 including the 
optional substituents present thereon, resides on an atom 
adjacent to the N on which R4 resides, said member may 
optionally be joined with R4, such that together with the N 
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on which R4 resides and the carbon on which said member 
resides there is formed a saturated or unsaturated 
monocyclic heterocycle of 5, 6 or 7 atoms, said monocycle 
optionally containing up to three hetero atoms selected from 
N, O or S, 

with the proviso that one of Ri2 and R13 is other than hydrogen 
R4, R5 and Rsa are each independendy selected from the group ' 
consisting of ^ f 

(a) hydrogen, 

10 (b) linear and branched Ci.6alkyl. optionally mono or di- 

substituted, the substituents being independently selected 
from 

(1) hydroxy, 

(2) carboxy, 

(3) -NR6R7. 

(4) -OR6, 

(5) -C(0)0R6. 

(6) -S(0)kR6. where k is 0. 1 or 2, 

J (7) halo selected from F, CI. Br and I. 

20 (c) -C(0)NR8R9. where R8 and R9 are each independendy 

hydrogen, phenyl, cyclohexyl or Ci-4alkyl. said Ci.4alkyl 

optionally substituted by 

(1) hydroxy. 

(2) amino, 

(3) carboxy, 

(4) -NRioRll. wherein Rio and R] 1 are each 

independendy H. CMalkyl, phenyl or benzyl. 

(5) -OR 10, 

(6) -C(0)ORio, 

(7) -S(0)niRia where m is 0. I or 2. 

(8) halo selected from F. CI, Br and I, 

(9) optionally substituted aryl whereiii aryl andaryl 

substituents are as defined above. 
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(10) optionally substituted heteroaryl wherein heteroaryl and 

heteroaryl substituents are as defined above, 

(11) optionally substituted C5, C6 or Cvcycloalkyl wherein 

cycloalkyl and cycloalkyl substituents are as defined 
5 above, 

(12) optionally substituted hetero C5, C6 or Cvcycloalkyl 

wherein hetero cycloalkyl and hetero cycloalkyl 
substituents are as defined above, 
(d) -C(S)NR8R9. 
10 (e) -C(0)R9, 

(f) -C(0)0R9, 

(g) -C(S)R9. 

(h) phenyl, 

(i) cyclohexyl, 

15 such that R4 is present orJy when side a is a single bond and side b is a 
double bond. 

3. A compound according to claim 2 wherein 
n is 0, 1, 2, 3 or 4 
20 X is selected from CH2, CR 1 2RI 3» O, NH and -N(C i -4alkyl)-, 

RL R2. R3» R12 and R13 are each independently selected from the group 
consisting of 

(a) hydrogen, 

(b) Cl-6alkoxy, , 
25 (c) Cl.6alkylamino, 

(d) C 1 -6alkylcarbonyl, 

(e) Cl-6alkyl, 

(f) C2-6alkenyl, 

(g) C5. C6 or Crcycloalkyl, 

30 (h) hetero C5 or C6 cycloalkyl, wherein the hetero C5 or C6 

cycloalkyl optionally contains 1 heteroatom selected from S, 
O and N, 

(i) aryl, selected from phenyl or naphthyl. 
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0) heteroaryl. wherein heieroaiyl is selected from the group 
consisting of: 

(1) furanyl, 

(2) pyrazinyl, 
^ (3) pyrazolyl, 

(4) pyridyl, 

(5) pyrimidyl, 

(6) thiazolyl, 

(7) thienyl, and 

(8) triazolyl, 

(k) hydroxy, 

each of (b) to 0) being optionally mono or di- substituted the 
substituents being independently selected from 

(1) hydroxy, 

(2) carboxy, 

(3) -NR6R7, wherein R6 and R7 are each independently 
hydrogen or Ci_4alkyl, 

(4) -OR6, 

• (5)-C(0)OR6. 

(6) -S(0)kR6, where k is 0, 1 or 2, 

(7) halo selected from F, CI, Br and I 

(8) -C(=NR6)-NHR7, 

(9) -S-C(=NR6)-NHR7. 

or when two members of the group Ri, R2 and R3 including the 
opuonal substituents present thereon, reside on the same 
atom of Formula I, or two of the group Ri, R2 and R3, 
including the optional substituents present thereon, reside on 
adjacent atoms of Formula I, said two members may 
optionaUy be joined, such that together widi the atoms to 
which they are attached there is formed a saturated or 
unsaturated monocyclic ring of 5, 6 or 7 atoms, said 
monocyclic ring optionally containing up to three hetero 
atoms selected from N, O or S, 



20 
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or when a member of the group Rl, R2 and R3 mcluding the 
optional substituents present thereon, resides on an atom 
adjacent to the N on which R4 resides, said member may 
optionally be joined with R4, such that together with the N 
5 on which R4 resides and the carbon on which said member 

resides there is formed a saturated or unsaturated 
monocyclic heterocycle of 5, 6 or 7 atoms, said monocycle 
optionally containing up to three hetero atoms selected from 
N, OorS. 

10 with the proviso that one of R12 and R13 is other than hydrogen, 
R4, R5 and R5a are each independently selected from the group 
consisting of 

(a) hydrogen, 

(b) linear and branched C l -6alkyl, optionally mono or di- 

15 substimted, the substituents being independently selected 

from 

(1) hydroxy, 

(2) carboxy, 

(3) -NR6R7. 
20 (4) .OR6. 

(5) -C(0)0R6, 

(6) -S(0)kR6. 

(7) halo selected from CI, Br and I, 

(c) -C(0)NR8R9, where Rg and R9 are each independently 
25 hydrogen, phenyl, cyclohexyl or C l ^alkyl, said C 1 -4alkyl 

optionally substituted by 

(1) hydroxy, 

(2) amino, 

(3) carboxy, 

30 (4) -NRioRl 1, wherein Rio and Rl 1 are each 

independently H, Cl-4alkyl, phenyl or benzyl, 

(5) -ORio, 

(6) -C(O)ORl0. 

(7) -S(O)mRl0. where m is 1 or 2, 
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10 



15 



20 



(8) halo selected from F, CI. Br and I, 

(9) optionally substituted aryl whereiii aryl and aryl 

substituents are as defined above, 

(10) optionaUy substituted heteroaxyl wherein heteroaryl and 

heteroaryl substituents are as defined above 

(11) optionaUy substituted C5 or C6 cycloalkyl wherein 

cycloalkyi and cycloalkyl substituents are as defined 
above, 

(12) optionally substituted hetero C5 or C6 cycloalkyl 

wherein hetero cycloalkyl and hetero cycloalkyl 



(d) 


-C(S)NR8R9, 


(e) 


-C(0)R9. 


(f) 


-C(0)0R9. 


(g) 


-C(S)R9, 


(h) 


phenyl. 


(i) 


cyclohexyl. 



double bond. 



ni.n 1 o ^ ''°'"P°""'^ ^cor<ling to Claim 3 wherein 

" IS u, 1, z or 3, 

X is selected fiom CRi2Rl3, NH and -N(Cl.4alkyl)- 
25 ^i^S'^ """"" ^ independenUy selected fe,™ d» 

(a) hydrogen, 

(b) Ci-4alkoxy, 

(c) Ci^alkylamino, 

(d) Ci-4alkylcarbonyl, 

30 (e) linear and branched Ci^alkyl, 

(0 hydroxy, 

each of (b) to (e) being optionally mono or di- substituted 
the substiments being independentiy selected from 
(I) hydroxy. 
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(2) carboxy, 

(3) -NR6R7* wherein R6 and R7 are each independently 

hydrogen or Ci-3alkyl, 

(4) 

5 (5)-C(0)OR6, 

(6) -S(0)kR6. where k is 0, 1 or 2, 

(7) halo selected from CI, Br and I, 

or when two members of the group Rl, R2 and R3 including the 
optional substituents present thereon, reside on the same 

10 atom of Formula I, or two of the group Rl , R2 and R3, 

including the optional substituents present thereon, reside on 
adjacent atoms of Formula I, said two members may 
optionally be joined, such that together with the atoms to 
which they are attached there is formed a saturated or 

15 unsaturated monocyclic ring of 5, 6 or 7 atoms, said 

monocyclic ring optionally containing up to three hetero 
atoms selected from N, O or S, 
or when a member of the group Rl, R2 and R3 including the 
optional substituents present thereon, resides on an atom 

20 adjacent to the N on which R4 resides, said member may 

optionally be joined with R4, such that together with the N 
on which R4 resides and the carbon on which said member 
resides there is formed a saturated or unsaturated 
monocyclic heterocycle of 5, 6 or 7 atoms, said monocycle 

25 optionally containing up to three hetero atoms selected from 

N, O or S, 

with the proviso that one of Rl2 and Rl3 is other than hydrogen, 
R4, R5 and R5a are each independently selected from the group 
consisting of 
30 (a) hydrogen, 

(b) -C(0)NR8R9, where Rg and R9 are each independently 

hydrogen or Ci.3alkyl, said Ci-Salkyl optionally substituted 
by 

(1) hydroxy. 
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(2) amino, 

(3) carboxy, 

(4) -NRioRl 1, wherein Rio and Ri i are each 

independently H or Ci -salkyi 
5 (5) -ORio. 

(6) -C(O)ORi0, 

(7) -S(O)niRl0, where m is 0, 1 or 2, 

(8) halo selected from F, CI, Br and I 
(c) -C(S)NR8R9. 

10 (d) -C(0)R9. 

(e) -C(0)0R9, 

(f) -C(S)R9, 

(g) -C(S)HR9. 

(h) -Ci.4alkyl; and 
15 R 13 is hydrogen. 



20 



5. A compound according to Claim 4 wherein 
n is 0. 1, 2 or 3, 

X is selected from CR12R13, NH and .N(Ci.4alkyl)- 
coS of ' ^ independendy sele<;ted from the group 

(a) hydrogen, 

(b) Cl.4aIkoxy, 

(c) Ci.4alkylamino. 

(d) Ci.4aIkylcarbonyl, 

(e) linear and branched Ci-4alkyl, 

(f) hydroxy, 

30 ^""^ optionally mono or di- substituted 

the subsdtuents being independently selected from 

(1) hydroxy, 

(2) carboxy, 

(3) -NR6R7. wherein R6 and R7 are each independentiy 

hydrogen or Ci-3alkyl, 
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(4) -OR6, 

(5) -C(0)0R6, 

(6) -S(0)kR6. where k is 0, 1 or 2, 

(7) halo selected from F, CI, Br and I, 
5 R4 is selected from the group consisting of 

(a) hydrogen, 

(b) -C(0)NHR9, where R9 is hydrogen or C 1 -3alkyl, 
said Cl-3alkyl optionally substituted by 

(1) hydroxy, 
10 (2) amino, 

(3) carboxy, 

(4) -NRioRl 1, wherein RlO and R 1 1 are each 

independently Ci-3alkyl, 

(5) -ORio, 

15 (6) -C(O)ORl0. 

(7) -S(O)mRl0. where m is 1 or 2, 

(8) halo selected from F, CI, Br and I, 

(c) -C(S)NHR9; 

(d) -Cl-4alkyl. 

20 R5 is selected from the group consisting of 

(a) hydrogen, 

(b) -C(0)NHR9. 

(c) -C(S)NR8R9. 

(d) -Ci^alkyl, and 

25 R5a and R13 are each hydrogen. 

6. A compound of Formula I according to Claim 1 



30 



5 

5a 

I 
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or pharmaceutically acceptable salts thereof wherein 
side a or side b has a double bond, 
n isO. 1, 2, 3 or 4 

X is selected from CH2, O, S(0)ni and NH, 

Rl, R2 and R3 are each independently selected from the group consisting 
of 

(a) hydrogen, 
Cb) Ci-i2alkoxy, 

(c) Cl.i2alkyIS(0)k wherein k is 0, 1 or 2, 

(d) mono C l . 1 2alkyIamino, 

(e) (di-C 1 - 1 2alkyl)amino, 
(0 Ci-i2alkylcarbonyl, 

(g) Ci-i2alkyl, 

(h) C2.12alkenyl, 

(i) C2-12alkynyl, 
(j) Cf-iocycloalkyl, 

(k) hetero C5. 1 Ocycloalkyl.wherein the hetero C5. 1 Qcycloalkyl 
optionaUy contains 1 or 2 heteroatoms selected from S, O 
andN, 

(1) aryl, selected from phenyl or naphthyl, 
(m) heteroaryl, wherein heteroaryl is selected from the group 
consisting of: 

(1) benzimidazolyl, 

(2) benzofuranyl, 

(3) benzooxazolyl, 

(4) fiiranyl, 

(5) imidazolyl, 

(6) indolyl, 

(7) isooxazolyl^ 

(8) isothiazolyl, 

(9) oxadiazolyl, 

(10) oxazolyl, 

(11) pyrazinyl, 

(12) pyrazolyl. 
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(13) 


pyridyl. 


(14) 


pyrimidyl. 


(15) 


pyrrolyl. 


(17) 


isoquinolyl, 


(18) 


tetrazolyl. 


(19) 


thiadiazolyl. 


(20) 


thiazolyl. 


(21) 


thienyl, and 


(22) 


triazolyl. 



30 



(n) amino, 
(o) oxo, 
(p) C(0)OH. 

(q) C(0)0R6, R6 is selected from hydrogen, phenyl, cyclohexyl 
orCl.6alkyl, 

each of (b) to (m) being optionally mono or di- substituted 
the substituents being independently selected from 

(1) hydroxy, 

(2) carboxy, 

(3) -NR6R7, where R7 is selected from hydrogen, phenyl, 

cyclohexyl or Cl-6alkyl, 

(4) -OR6, 

(5) -C(0)0R6, 

(6) -S(0)kR6. 

(7) halo selected from F, CI, Br and I, 

(8) -C(=NR6)-NHR7. 

(9) -S-C(=NR6)-NHR7, 

or when two members of the group Ri, R2 and R3 including the 
optional substituents present thereon, reside on the same 
atom of Formula I, or two of the group Rl, R2 and R3, 
including the optional substituents present thereon, reside on 
adjacent atoms of Formula I, said two members may 
optionally be joined, such that together with the atoms to 
which they are attached there is formed a saturated or 
unsaturated monocyclic ring of 5, 6 or 7 atoms, said 
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monocyclic ring optionally containing up to three hetero 
atoms selected from N, O or S, 
or when a member of the group R], R2 and R3 including the 
optional substinients present thereon, resides on an atom 
adjacent to the N on which R4 resides, said member may 
optionally be joined with R4, such that together with the N 
on which R4 resides and the carbon on which said member 
resides there is formed a saturated or unsaturated 
monocyclic heterocycle of 5, 6 or 7 atoms, said monocycle 
optionally containing up to three hetero atoms selected from 
N, O or S, 

R4. R5 and R5a are each independently selected from the group 
consisting of 

(a) hydrogen, 

(b) linear and branched Ci.i2alkyl, optionally mono or di- 
substituted, the substinients being independendy selected 
from 

(1) hydroxy, 

(2) carboxy, 

(3) -NR6R7, 

(4) -OR6. 

(5) -C(0)OR6. 

(6) -S(0)kR6. 

(7) halo selected from F. CI, Br and I. 

(8) phenyl, optionally mono or di-substituted with 

hydroxy, halo, Ci-4alkyl, or Ci-4alkoxy, 
(c) -C(0)NR8R9. where Rg and R9 are each independendy 
hydrogen, phenyl, cyclohexyl or Ci-6alkyl, said Ci-6alkyl 
optionally substituted by 

(1) hydroxy, 

(2) amino, 

(3) carboxy, 

(4) -NRioRi 1, wherein Rio and Ri 1 are each 

independendy H. Cl.6alkyl, phenyl or benzyl. 
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(5) -ORio, 

(6) .C(0)0Ria 

(7) -S(O)mRl0. where m is 0, 1 or 2, 

(8) halo selected from F, CI, Br and I, 

5 (9) optionally substituted aryl wherein aryl and aryl 

substituents are as defined above, 

(10) optionally substituted heteroaryl wherein heteroaryl and 

heteroaryl substituents are as defined above, 

(11) optionally substituted C5-10cycloalkyl wherein 

10 cycloaikyl and cycloalkyl substituents are as defined 

above, 

(12) optionally substituted hetero Cs-iQcycloalkyl wherein 

hetero cycloalkyl and hetero cycloalkyl substituents 
are as defined above, 
15 (d) -C(S)NR8R9, 

(e) -C(0)R9. 

(f) -C(0)0R9, 

(g) -C(S)R9. 

(h) phenyl, 

20 (i) cyclohexyl, 

provided that R4 is present only when side a is a single bond and R5a is 
present only when side b is a single bond. 

7. A compound according to Claim 6 wherein 
25 n is 0, 1,2, 3 or 4, 

X is selected fi-om CH2, O, S and NH, 

Rl , R2 and R3 are each independently selected from the group consisting 
of 

(a) hydrogen, 
30 (b) Ci-6alkoxy, 

(c) C 1 .6alkylamino, 

(d) Ci-6alkyIcarbonyl, 

(e) Ci-6alkyl, 

(f) C2.6alkenyl, 
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(g) . C5, C6 or C7cycloalkyI, 

(h) hetero C5 or C6 cycloalkyl, wherein the hetero C5 or C6 
cycloalkyl optionally contains 1 heteroatom selected from S 
O and N, 

(i) aryl, selected from phenyl or naphthyl, 
0") heteroaryl, wherein heteroaryl is selected from the group 

consisting of: 

(1) fiiranyl, 

(2) pyrazinyl, 

(3) pyrazolyl, 

(4) pyridyl, 

(5) pyrimidyl, 

(6) thiazolyl, 

(7) thienyl, and 

(8) triazolyl, 

each of (b) to 0) being optionally mono or di- substituted the 
substituents being independently selected from 

(1) hydroxy, 

(2) carboxy, 

(3) -NR6R7. where R6 and R7 are each independently 
hydrogen, phenyl or Ci^alkyl. 

(4) -OR6. 

(5) -C(O)0R6. 

(6) -S(0)kR6. where k is 0, 1 or 2, 

(7) halo selected from F, CI, Br and I 

or when two members of the group Ri. R2 knd R3 including the 
opuon^ substituents present thereon, reside on the same 
atom of Formula I, or two of the group Ri . R2 and R3 
including the optional substituents present thereon, reside on 
adjacent atoms of Formula I. said two members may 
opuonally be joined, such that together with the atoms to 
which they are attached there is formed a saturated or 
unsaturated monocyclic ring of 5. 6 or 7 atoms, said 



20 
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monocyclic ring optionally containing up to three hetero 
atoms selected from N. O or S, 
or when a member of the group Rl, R2 and R3 including the 
optional substituents present thereon, resides on an atom 
5 adjacent to the N on which R4 resides, said member may 

optionally be joined with R4, such that together with the N 
on which R4 resides and the carbon on which said member 
resides there is formed a saturated or unsaturated 
monocyclic heterocycle of 5, 6 or 7 atoms, said monocycle 
10 optionally containing up to three hetero atoms selected from 

N, O or S, 

R4, R5 and R5a are each independendy selected from the group 
consisting of 

(a) hydrogen, 

1 5 (b) linear and branched C 1 -6alkyl, optionally mono or di- 

substituted, the substituents being independently selected 
from 

(1) hydroxy, 

(2) carboxy, 

20 (3)-NR6R7, 

(4) -OR6, 

(5) -C(0)0R6, 

(6) -S(0)kR6» where k is 0, 1 or 2, 

(7) halo selected from F, CI, Br and I, 

25 (c) -C(0)NR8R9» where Rg and R9 are each independently 

hydrogen, phenyl, cyclohexyl or Ci-4alkyl, said Cl-4alkyl 
optionally substituted by 

(1) hydroxy, 

(2) amino, 
30 (3) carboxy, 

(4) -NRloRl 1. wherein Rio and Rl l are each 

independendy H, Ci-4alkyl, phenyl or benzyl, 

(5) -ORlO, 

(6) -C(O)ORi0, 
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(7) -S(O)mRl0, where m is 0, 1 or 2, 

(8) halo selected from F, CI, Br and I, 
(9 optionally substituted aryl wherein the aryl and 

substituents are as defined above, 

(10) optionally substituted heteroaryl wherein the heteroaryl 
and substituents are as defined above 

(1 1) optionally substituted C5 or C6 cycloaikyl wherein the 
cycloaikyl and substituents are as defined above 

(12) optionally substituted hetero C5 or C6 cycloaikyl' 
wherein the hetero cycloaikyl and substituents are as 

defined above, 

(d) -C(S)NR8R9, 

(e) -C(0)R9, 

(f) -C(0)0R9, 
15 (g) -C(S)R9. 

(h) phenyl, 

(i) cyclohexyl. 



10 



20 



8. 



A compound according to Claim 6 of the formula 



R3 

'X^^R, Y R2 



T ' O'nS 



R. 

R 



or R4 



wherein 

n is 0, 1 or 2. 



25 



n ic n 1 n ^* ^ compound according to Claim 8 wherein 
n IS u, 1 or 2, 

X is selected from CH2 and NH, 
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Rl, R2 and R3 are each independently selected from the group consisting 
of 

(a) hydrogen, 

(b) linear and branched C 1 -6alkyl, wherein said C 1 -Saikyl 

5 is optionally mono or di- substituted the substituents being 

independendy selected from 

(1) carboxy, 

(2) -NHR7, wherein R6 and R7 are each independently 

hydrogen or C l -3alkyl, 
10 (3)-OR6, 

(4) -C(0)0R6, 

(5) -S(0)kR6. where k is 0, 1 or 2, 

(c) hydroxy, 

(d) Cl-6alkoxy; 

15 R4 is selected from the group consisting of 

(a) hydrogen, 

(b) -C(0)NHR9, where R9 is hydrogen or C 1 -3alkyl, said C i - 
3alkyl optionally substituted by 

(1) hydroxy, 
20 (2) amino, 

(3) carboxy, 

(4) -NRioRl 1 , wherein RlQ and R 1 1 are each 

independently Cl-3alkyl, 

(5) -ORlO. 

25 (6) -C(O)ORi0, 

(7) -S(O)mRl0. where m is 0, 1 or 2, 

(8) halo selected from F, CI, Br and I, 

(c) -C(S)NHR9; 

(d) Ci-3alkyl; 

30 R5 are each independendy selected from the group consisting of 

(a) hydrogen, 

(b) -C(0)NHR9, 

(c) -C(S)NR8R9. 

(d) -Ci-3alkyl. 



BNSDOCID: <WO 9614844A1 J_> 



wo 96/14844 



PCTAJS95/14812 



-256- 



10. A compound according to Claim 9 of the formulae 



^^3 ^3 ^3 



^^s^-j R,^'^^ 



5 



or R4 R2 



5 wherein 

X is selected from CH2. NH and S 

Rl. R2 and R3 are each independeLuy selected from the group consisting 
(a) hydrogen, 

10 (b) linear and branched Ci.6alkyl. wherein said Ci.6alkyl 

IS optionaUy mono or di- substituted the substituents being 

independendy selected from 
(1) carboxy, 

15 "^^^^^ ^ ^7 are each independently 

hydrogen or Ci-3alkyl. 

(3) -OR6, 

(4) -C(0)0R6. 

(5) -S(0)kR6, where k is 0, 1 or 2, 
(c) hydroxy, 

20 (d) Ci-6alkoxy; 

R4 is selected from the group consisting of 

(a) hydrogen, 

(b) -C(0)NHR9. where R9 is hydrogen or Cl-Salkyl, said Cl 
3alkyl opuonally substituted by 

25 (1) hydroxy. 

(2) amino, 

(3) carboxy, 

(4) -NRioRii,whereinRiOandRii areeach 

independently Ci.3alkyl, 
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(5) -ORiO, 

(6) -C(O)ORi0, 

(7) -S(O)mRl0, where m is 0, 1 or 2, 

(8) halo selected from F, CI, Br and I, 
5 (c) -C(S)NHR9; 

(d) Cl.3alkyl; 
R5 are each independendy selected from the group consisting of 

(a) hydrogen, 

(b) -C(0)NHR9, 
10 (c) -C(S)NR8R9. 

(d) -Ci-salkyl. 

11. A compound according to Claim 10 wherein 

X is CH2, 

15 Rl, R2 and R3 are each independently is selected from the group 
consisting of 

(a) hydrogen, 

(b) linear and branched C 1 -6alkyl, said C l -6alkyl 

being optionally mono or di- substituted the substiments 
20 being independently selected from 

(1) carboxy, 

(2) -NHR7, wherein R6 and R7 are each independendy 

hydrogen or C l -3alkyl, 

(3) -C(0)R6, and 

25 (4) -S(0)kR6. where k is 1 or 2, 

(c) hydroxy, 

(d) Cl.6alkoxy; 

R4 is selected from the group consisting of 
(a) hydrogen, 
30 (b) Cl-3alkyl; 

R5 is selected frx>m the group consisting of 

(a) hydrogen, 

(b) -C(0)NHR9, where R9 is hydrogen or C l ^alkyl, said 
Cl-4alkyl optionally substituted by 
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(1) hydroxy, 

(2) amino, 

(3) carboxy, 

(4) -NRioRl 1 , wherein Rio and R 1 1 are each 
5 independently 

Ci-3alkyl, 

(5) -ORio. 

(6) -C(O)ORi0, 

(7) -SRio,and 

1^ (8) -S(O)mRl0, where m is 1 or 2, 

(9) halo selected from F. CI, Br and I 

(c) -C(S)NR8R9. 

(d) Ci.3alkyl. 

12. A compound according to Claim 1 1 

wherein 
Xis CH2, 

Rl and R2 are each selected from the group consisting of 

hydrogen, hydroxy or linear and branched Ci-fialkyl. said 
20 Ci.6alkyl 

being optionally mono ordi- substituted the substituents 

being independentiy selected from 
(1) carboxy, 

-NHR7. wherein Rg and R7 are each independentiy 
25 hydrogen or C l -3alkyl. 

(3) -C(0)OR6, and 

(4) -S(0)kR6, where k is 1 or 2, 
R3 is linear and branched Cl-4alkyl, 

R4 is selected from tiie group consisting of 
30 (a) hydrogen, 

(b) Cl.3alkyl; 
R5 is selected from die group consisting of 

(a) hydrogen, 

(b) -C(0)NHR9, where R9 is hydrogen or Cl-4alkyl, said 
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Ci^alkyl optionally substituted by 

(1) hydroxy, 

(2) amino, 

(3) carboxy, 

5 (4) -NRloRl 1, wherein RlO and Rn are each 

independendy 
Ci-3alkyl, 

(5) -ORiO, 

(6) -C(O)ORl0, 
10 (7)-SRlO, and 

(8) -S(O)mRl0» where m is 1 or 2, 

(9) halo selected from F, CI, Br and I, 

(c) -C(S)NR8R9- 

(d) Ci-3alkyL 

15 

13. Acompound according to Claim 10 wherein 

Xis -N-, 

Rl» R2 and R3 are each independently is selected from the group 
consisting of 
20 (a) hydrogen, 

(b) linear and branched C 1 .6alkyl, said C 1 .6alkyl 

being optionally mono or di- substituted the substituents 

being independently selected from 
(1) carboxy, 

25 (2) -NHR7, wherein R6 and R7 are each independently 

hydrogen or Ci.3alkyl, 

(3) -C(0)OR6, and 

(4) -S(0)kR6, where k is 1 or 2, 

(c) hydroxy, 

30 (d) Cl-6alkoxy; 

R4 is selected from the group consisting of 

(a) hydrogen, 

(b) Ci-3alkyl; 

R5 is selected from the group consisting of 
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(a) hydrogen, 

(b) -C(0)NHR9, where R9 is hydrogen or C i -4alkyl, said 
C 1 -4allcyl optionally substituted by 

(1) hydroxy, 
5 (2) amino, 

(3) carboxy, 

(4) -NRloRl 1 . wherein Rio and R 1 1 are each 

independently 
Ci.3alkyl, 

10 (5)-ORio, 

(6) -C(0)ORio. 

(7) -SR 10, and 

(8) -S(O)mRl0, where m is 1 or 2. 

(9) halo selected from F, CI, Br and I 
15 (c) -C(S)NHR9. 

(d) Ci.3alkyl. 

14. A compound according to Claim 13 

20 wherein 
X is -N-, 

Rl and R2 are each selected from 

hydrogen, hydroxy or linear and branched Ci.4alkyl, said 
Ci-4alkyl 

being optionally mono or di- substituted the substiments 
being independently selected from 

(1) carboxy, 

(2) -NHR7, wherein Re and R7 are each independently 

hydrogen or C 1 -Salkyl, 
30 (3) -C(0)0R6. and 

(4) -S(0)kR6. where k is 1 or 2. 
R3 is methyl, 

R4 is selected from the group consisting of 
(a) hydrogen. 



25 
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(b) Ci-3alkyl; 
R5 is selected from the group consisting of 

(a) hydrogen, 

(b) -C(0)NHR9, where R9 is hydrogen or C 1 -4alkyl, said 
5 Cl-4alkyl optionally substituted by 

(1) hydroxy, 

(2) amino, 

(3) carboxy, 

(4) -NRloRl 1 , wherein Rio and Rl 1 are each 
10 independently 

Cl-salkyl, 

(5) -ORlO. 

(6) -C(O)ORi0, 

(7) -SRlo.and 

15 (8) -S(O)mRl0. where m is 1 or 2, 

(9) halo selected from F, CI, Br and I, 

(c) -CSNHR9. 

(d) Ci-salkyl. 

15. Acompound according to Claim 10 wherein 

Xis S, 

Rl and R2 are each independently is selected from the group consisting 
of 

(a) hydrogen, 

(b) linear and branched C 1 -6alkyl, said C 1 -6alkyl 
being optionally mono or di- substituted the substituents 

being independently selected from 

(1) carboxy, 

(2) -NHR7, wherein R6 and R? are each independendy 
hydrogen or C l -3alkyl, 

(3) -C(0)OR6, and 

(4) -S(0)kR6, where k is 1 or 2, 

(c) hydroxy, 

(d) Ci.6alkoxy; 



20 



25 



30 
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R4 is selected from the group consisting of 

(a) hydrogen, 

(b) Cl-3alkyl; 
R5 is selected from the group consisting of 

(a) hydrogen, 

(b) -C(0)NHR9, where R9 is hydrogen or C l -4alkyl, said 
Ci~4alkyl optionally substituted by 

(1) hydroxy, 

(2) amino, 

(3) C£irboxy, 

(4) -NRioRl 1, wherein Rio and Ri 1 are each 
independentiy 

Ci.3alkyl. 

(5) -ORio, 

(6) -C(0)ORio. 

(7) -SR 10, and 

(8) -S(O)mRl0. where m is 1 or 2. 

(9) halo selected from F, CI, Br and I 

(c) - -C(S)NHR9. 

(d) Ci-3alkyl. 

16. A compound according to Claim 15 

wherein 
25 Xis S, 

Rl and R2 are each independently selected from 

hydrogen, hydroxy or linear and branched Ci -6alkyl said 

Ci.6alkyl 

being optionally mono or di- substituted the substituents 
being independently selected from 

(1) carboxy, 

(2) -NHR7, wherein R6 and R7 are each independently 

hydrogen or Ci-3alkyl. 

(3) -C(0)0R6. and 



10 



15 



20 
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(4) -S(0)kR6, where k is 1 or 2, 
R4 is selected from the group consisting of 

(a) hydrogen, 

(b) Cl-salkyl; 

5 R5 is selected from the group consisting of 

(a) hydrogen, 

(b) -C(0)NHR9, where R9 is hydrogen or Ci-4alkyl, said 
Ci-4alkyl optionally substituted by 

(1) hydroxy, 
10 (2) amino, 

(3) carboxy, 

(4) -NRioRll, wherein Rio and Ri 1 are each 

independently 
Ci-3alkyl, 
15 (5) -ORio. 

(6) -C(O)ORi0. 

(7) -SR 10, and 

(8) -S(O)mRl0. where m is 1 or 2, 

(9) halo selected from F, CI, Br and I, 
20 (c) -CSNHR9. 

(d) Ci-salkyl. . 

17. A compound according to Claim 6 of the formulae 



R5 

R 



5a or * "5a 



25 wherein p is 0, 1 or 2; and 

R3 and the ring formed by the joining of R] and R2 are optionally mono 
or di-substituted with substituents selected from the group consisting of 
(1) hydroxy. 
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(2) carboxy, 

(3) -NR6R7. where and R7 are each selected from 

hydrogen, phenyl, cyclohexyl or Ci-6alkyl, 

(4) -OR6, 

(5) -C(0)0R6. 

(6) -S(0)kR6, 

(7) halo selected from F, CI, Br and I, 

(8) -C(=NR6).NHR7. 

(9) -S-C(=NR6)-NHR7. 



18. A compound according to Claim 17 having cis 



stereochemistry at the ring junction, said compound having the formula 



wherein p is 1 or 2, and 

R3 and the ring formed by the joining of Ri and R2 are optionally mom 
or di-substituted with substituents selected from the group consisting of 

(1) hydroxy, 

(2) carboxy, 

(3) -NR6R7. where R6 and R7 are each selected from 



hydrogen, phenyl, cyclohexyl or Ci-6alkyl, 

(4) -OR6, 

(5) -C(0)0R6. 

(6) -S(0)kR6, 

(7) halo selected from F, CI. Br and I. 

(8) -C(=NR6)-NHR7, 

(9) -S-C(=NR6)-NHR7. 

19. A compound according to Claim 18 wherein 



10 
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R3 is selected from 

hydrogen, hydroxy or linear and branched Ci-4alkyl, said 
Cl-4alkyl, 

optionally mono or di- substituted the substituents being 
5 independently selected from 

(1) carboxy, 

(2) -NHR7, wherein R6 and R? are each independentiy 

hydrogen or Cl-Saikyl, 

(3) -C(0)OR6. and 

1 0 (4) -S(0)kR6, where k is 1 or 2; 

R4 is selected fix>m the group consisting of 

(a) hydrogen, 

(b) Cl-salkyl; 

R5 is selected from the group consisting of 
15 (a) hydrogen, 

(b) -C(0)NHR9, where R9 is hydrogen or C l ^alkyl, said 
Ci~4a]kyl optionally substituted by 

(1) hydroxy, 

(2) amino, 
20 (3) carboxy, 

(4) -NRloRl 1. wherein RlO and R 1 1 are each 

independentiy 
Cl-Salkyl, 

(5) -ORlO. 

25 (6) -C(O)ORl0. 

(7) -SRlO,and 

(8) -S(O)mRl0. where m is 1 or 2, 

(9) halo selected from F, CI, Br and I, 

(c) -C(S)NR8R9- 
30 (d) Cl-3alkyl. 

20. A compound of Claim 1 selected from 

(aa) l-Aza-2-iniino-cyclopentane hydrochloride, 

(ab) l-Aza-2-imino-3-methylcyclopentane hydrochloride. 
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10 



15 



(ac) l-Aza-2-imino-5-niethylcyclopentane hydrochloride 

(ad) l-A2a-2-methylamino-l-cycIopentene hydrochloride 

(ae) l-A2a-2-ethylamino-l-cyclopentene hydrochloride, ' 
(aO l-Aza-2-benzylanimo-l-cyclopentene hydrochloride, 

(ag) l-Aza-2-cyclohexylaniino-l-cyclopemene 
hydrochloride, 

(ah) 1 -Aza-2-methoxycarbonylmethylamino- 1 -cyclopentene 
hydrochloride, 

(ai) 1 -A2a-2-((3,4-dihydroxyphenyl)ethyl)amino- 1 - 
cyclopentene hydrochloride, 

(aj) I -Aza-2,2-dimethylaniino-l -cyclopentene 

hydrochloride, 
(ak) 2-Iminopiperidine hydrochloride, 
(al) 1 - Aza-2-methylamino- 1 -cyclohexene hydrochloride 
(am) l-Aza-2-ethylamino.l-cyclohexene hydrochloride,' 
(an) l-Aza-2.dimethylamino-l-cyclohexene hydrochloride 
(ao) 2-Imino-3-methylpiperidme hydrochloride, 
(ap) 2-Imino-4-methylpiperidme hydrochloride, 
(aq) 2-Imino-4-propylpiperidine hydrochloride, 
(ar) 2-Iniino-4-benzylpiperidine hydrochloride, 
(as) 2-Immo-5-methylpiperidme hydrochloride, 
(at) 2-Imino-5.5-dimethylpiperidine hydrochloride 
(au) 2.Imino-3.5-dimethylpiperidine hydrochloride, 
(av) l-A2a-2-miinocycIoheptane hydrochloride 
(aw) l-Aza-2-methylamino.l-cycloheptene hydrochloride 
(ax) l-Aza-2-ethylamino.l-cycloheptene hydrochloride 
cay) l-A2a-2-dimethylamino-l-cycIoheptene hydrochloride 
(az) -Aza-2-benzylammo.l-cycloheptene hydrochloride, ' 
^ ^ l-^-^-cyclohexylamino-l-cycloheptene 
hydrochloride. 

(be) l-A2a-2-iminocyclooctane hydrochloride. 

(bd) l-A2a-2-methylamino-l.cyclooctene hydrochloride 

(be) l-A2a-2-ethylamino-l-cyclooctene hydiDchloride, ' 

(bf) l-Aza-2-benzyIainino.l-cyclooctene hydrochloride 



20 



25 
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(bg) l-A2a-2-methylamino-l-cyclononene hydrochloride, 

(bh) 3,4-Dihydro-2-aminoqumoline hydrochloride, 

(bi) 3,4-Dihydro-2-methylaminoquinoline hydrochloride, 
(bj) 3,4-Dihydro-2-ethylaminoquinoIine hydrochloride, 

5 (bk) 3,4-Dihydro-2-benzylaminoquinoline hydrochloride, 

(bl) 3,4-Dihydro-2-cyclohexylaniinoqumoline 

hydrochloride, 
(bm) 3,4-Dihydro-2-dimethylaminoquinoline 

hydrochloride, 

10 (bn) 4-Ethoxycarbonyl-2-imino-piperazine hydrochloride, 

(bo) 5-(S )-2-Imino- 1 -aza-bicyclo( 3 . 3 .0)octane, 
(bp) 2-Imino- 1 -aza-bicyclo(4.3.0)nonane, 
(bq) cw-4,6-Dimethyl-2-iinino-piperidine, acetic acid salt, 
(br) 2-Imino-4-methyl-piperidine, acetic acid salt, 

15 (bs) 6-Ethyl-2-imino-4-methyl-piperidine, acetic acid salt, 

(bt) 4-Imino-5-c/5-methyl-3-azabicyclo [4.3.0] nonane, 
hydrochloride, 

(bu) cw-5-Aimnomethyl-4,6-dimethyl-2-imino-piperidine, 
dihydrochloride, 
20 (bv) a5-3-Ethyl-2-imino-4-methyl-piperidine, 

hydrochloride, 
(bw) cw-2-Iinino-4-methyl-3-n-propyl-piperidine, 

hydrochloride, 
(bx) cw and /ran5-2-Imino-4-methyl-piperidine-5- 
25 carboxylic acid, acetic acid salt, 

(by) CI5 and rran52-Imino-4-methyl-piperidine-5-carboxylic 

acid, methyl ester, acetic acid salt, 
(bz) cis and /rfln55-Acetaniidomethyl-2-imino-4-methyl- 
piperidine, acetic acid salt, 
30 (cc) 2-Iniino-5-n-propyloxy-piperidine, acetic acid salt, 

(cd) cis and /ran55-Acetamido-2-imino-4-methyl- 

piperidine, acetic acid salt, 

(ce) 5-Cyclohexyl-2-iniino-piperidine, acetic acid salt. 
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(cO cis and /ron55-Cyclohexyl-2-imino-4-methyl- 

piperidine, acetic acid salt, 
(eg) 2-Imiiio-5-trifluoro-piperidine, 

(ch) 2-Imiiio-5-ethyI-4-methylpyrrolidine hydrochloride, 

(ci) 2-Iniino-4-methylpyrrolidine hydrochloride, 
(cj) 2-Imino-4-ethylpyrrolidine hydrochloride, 

(ck) 2-Iniino-4,5-diinethylpyrrolidine hydrochloride, 
(cl) 2-Imino-4-methyl-5-propylpyiTolidine hydrochloride, 
(cm) 2-Imino-5-methyl-4-propylpyrrolidine hydrochloride, 
(cn) 2-Iniino-5-ethyl-4-propylpyrrolidine hydrochloride 
(co) 2-Imino-5-ethyI-3-methylpyiToIidine hydrochloride, 
(cp) 2-Imino-5,5-dimethylpyrrolidine hydrochloride, 
(cq) 2-Iinino-3,5,5-trimethylpyrrolidine hydrochloride 
(cr) 2-Imino-4-ethyl-5-methylpyrroIidine hydrochloride, 
(cs) 2-Imino-4-propylpyrrolidine hydrochloride, 
(ct) 2-Iimno-4-(2-methyl-ethyl)pyiTolidine hydrochloride, 
(cu) 2-Imino-4-phenylpyrrolidine hydrochloride, 
(cv) 2-Imino-3,4-dimethylpyrrolidine hydrochloride, 
(cw) 2-Imino-4-ethyl-3-methylpyrrolidine hydrochloride, 
(cx) 2-Imino-5-methyl-4-propylpyn-olidine hydrochloride, 
(cy) 2-Iimno-3-a2abicyclo(4.3.0)nonane hydrochloride, 
(cz) 2-Imino-3-azabicyclo(3.3.0)octane hydrochloride, 

(dd) 2-Iimno-3-methylpyiTolidine hydrochloride, 

(de) 2-Imino-5-methylpyrrolidine hydrochloride, 

(df) 2-Iimno-5-(S)-acetyloxymethylpyrrolidine 

hydrochloride, 

(dg) 2-Imino-5-(R)-acetyloxymethylpyrroIidine 

hydrochloride, 

(dh) 2-Iinino-5-(S)-hydroxymethylpyrrolidine 

hydrochloride, 

(di) 2-Imino-5-(R)-hydroxymethylpyrroIidine 

hydrochloride, 

(dj) 2-Iiiiino-4(S)-methoxy-5(S)-methyl-piperidine, 
hydrochloride. 
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(dk) 2-Imino-5(S)-hydroxy-4(S)-methyl-pipericline, 
hydrochloride, 

(dl) 4(S),5(R)-Dimethyl-2-imino-piperidine hydrochloride, 
(dm) 4(R),5(S)-Dimethyl-2-imino-piperidine hydrochloride, 
5 (dn) 4(S),5(S)-Dimethyl-2-imino-piperidine hydrochloride, 

(do) 4(R),5(R)-Dimetiiyl-2-iniino-piperidine hydrochloride, 
(dp) c/5-Decahydro-2-iminoquinoline hydrochloride, 
(dr) cz5-2-IiTiino-4-methyl-decahydroquinoline 
hydrochloride, 

10 (ds) trans-Decahydro-2-iminoquinoline hydrochloride, 

(dt) 4(R)-Methyl-2-iininopiperidine hydrochloride, 
(du) 4(S)-Methyl-2-iminopiperidine hydrochloride, 
(dv) 5(R)-Methyl-2-iminopiperidine hydrochloride, 
(dw) 5(S)-Methyl-2-iminopiperidine hydrochloride, 

15 (dx) 3-Iminothiomorpholine hydrochloride, 

(dy) 2-Iminopiperazine hydrochloride, 
(dz) 2-Imino-decahydro-ci5-qumoxaline, and 
(ee) 2-Iimno-decahydro-trans-quinoxaline. 

20 21 . A compound of Claim 1 selected from 

(aa) 2-Imino-4-methylpyrrolidine hydrochloride, 

(ab) 2-Imino-4-ethylpyrrolidine hydrochloride, 

(ac) 2-Imino-4,5-dimethylpyrrolidine hydrochloride, 

(ad) 2-Imino-4-methyl-5-propylpyrrolidine hydrochloride, 
25 (ae) 2-Imino-5-methyl-4-propylpyrrolidine hydrochloride, 

(af) 2-Imino-5-ethyl-4-propylpyrrolidine hydrochloride, 

(ag) 2-Imino-5-ethyl-3-methylpyrrolidine hydrochloride, 

(ah) 2-Imino-5,5-dimethylpyrrolidine hydrochloride, 

(ai) 2-Imino-3,5,5-tiimethylpyrrolidine hydrochloride, 
30 (aj) 2-Imino-4-ethyl-5-methylpyrrolidine hydrochloride, 

(ak) 2-Imino-4-propylpyrrolidine hydrochloride, 
(al) 2-Imina-4-(2-methyl-ethyl)pyrrolidine hydrochloride, 
(am) 2-Inmio-4-phenylpyrrolidine hydrochloride, 
(an) 2-Imino-3,4-dimethylpyrrolidine hydrochloride. 
35 (ao) 2-Imino-4-ethyl-3-methylpyrrolidine hydrochloride. 
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(ap) 2-Iinmo-5-methyl-4-propylpyrroIidine hydrochloride, 

(aq) 2-Immo-3-a2abicyclo(4.3.0)nonane hydrochloride, 

(ar) 2-Imino-3-azabicyclo(3.3.0)octane hydrochloride, 

(as) 2-Imino-3-methylpyrrolidine hydrochloride, 

(at) 2-Iinino-5-methylpyrrolidme hydrochloride, 

(au) 2-Iinino-5-(S)-acetyloxyinethylpyrrolidine 
hydrochloride, 

(av)2-Imino-5-(R)-acetyloxymethylpyrTolidine 
hydrochloride, 

(aw) 2-Imino-5-(S)-hydroxymethylpyiTolidine 
hydrochloride, 

(ax) 2-Imino-5-(R)-hydroxymethyIpyrrolidine 
hydrochloride, 

(ay) 5-EthyI-2-iniino-4-methyl-piperidine, acetic acid salt, 

(az) 2-Imino-4-methyl-5-(l.pentyl)-piperidine, acetic acid 
salt, 

(bb) 4(R)-Methyl-2-iminopiperidine hydrochloride, 
(be) 4(S)-Methyl-2-iminopiperidine hydrochloride, 

(bd) 5(R)-Methyl-2-iminopiperidine hydrochloride, 

(be) 5(S)-Methyl-2-iminopiperidine hydrochloride, 

(bf) 4(S),5(R)-Dimethyl.2-imino-piperidine hydrochloride, 

(bg) 4(R),5(S)-Dimethyl-2-imino-piperidine hydrochloride 

(bh) 4(S),5(S)-Dimethyl-2-imino-piperidine hydrochloride' 

(bi) 4(R),5(R)-Dimethyl-2-imino-piperidine hydrochloride' 

(bj) 2-Imino-5(S)-methoxy-4(S)-methyl-piperidine 
hydrochloride, 

(bk) 2-Iniino-5(S)-hydroxy-4(S)-raethyl-piperidine 
hydrochloride, 

(bl) 2-Imino-5(S).methoxy-4(R)-methyl-piperidine 
hydrochloride, 

(bm) 2-Imina-5(S)-hydroxy-4(R)-methyI-piperidine 
hydrochloride, 

(bn) 2-Iniino-5(S)-acetyloxy-4(R)-methyl-piperidine 
hydrochloride. 
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(bo) 2-Iniino-3(S),4(R)-0-isopropylidene-5(R)-acetyloxy- 
piperidine hydrochloride, 

(bp) 2-Imino-3(S),4(R),5(R)-triacetyloxy-piperidine 
hydrochloride, 

(bq) ci5-Decahydro-2-iniinoquinolme hydrochloride, 
(br) fran5-Decahydro-2-iininoquinoline hydrochloride, 
(bs) 4(S)-Methyl-4a(S),7a(S)-perhydro-2-iinino- 1 -pyrindine 
hydrochloride, 

(bt) 4(R)-Methyl-4a(R),7a(R)-perhydro-2-imino- 1 - 
pyrindine hydrochloride, 

(bu) 4(S)-Methyl-4a(S),8a(S)-decahydro-2-iniinoquinoline 
hydrochloride, 

(bv) 4(R)-Methyl-4a(R),8a(R)-decahydro-2-iminoquinoline 
hydrochloride, 

(bw) 2-Immo-octahydro-quinolin-6(5H)-one-6-ethylene 
ketal hydrochloride, 

(bx) 2-Imino-octahydro-quinolin-6(5H)-one hydrochloride, 
(by) 2-Iinino-6-acetyloxy-c/5-decahydroquinolme 
hydrochloride, 

(bz) 2-Imino-6-hydroxy-c/5-decahydroquinoline 
hydrochloride, 

(cc) 2-Imin6-5-methoxy-cis-peiiiydro-pyrindene 
hydrochloride, 

(cd) 2-iniino-5-hydroxy-cis-perhydro-pyrindene 
hydrochloride, 

(ce) 2-In[iino-5-hydroxy-4a-methyl-trans-(4a,8a)- 
decahydroquinoline hydrochloride, 

(cf) 2-Imino-5-fluoro-5-methyl-cis-(4a,8a)- 
decahydroquinoline hydrochloride, 

(eg) 5-Acetoxy-2-imino-cis-(4a,8a)-decahydroquinoline 
hydrochloride, 

(ch) 5-Hydroxy-2-imino-cis-(4a,8a)-decahydroquinoline 
hydrochloride, 

(ci) 2-Imino-octahydroquinolin-7(8H)-one-7-ethylene ketal 
hydrochloride, 

(cj) 2-Imino-octahydro-quinolin-7(8H)-one hydrochloride, 
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(ck) 7-Acetyloxy-2-immo-trans-(4a.8a)-decahydroquinolme 
hydrochloride, 

(cl) 7-Hydroxy-2-iinino-trans-(4a,8a)-decahydroquinoline 
acetic acid salt, 

5 (cm) 7.Acetyloxy-2-imino-decahydroquinoline, acetic acid 

salt. 

(cn) 2-Imino-3-Methyl-octahydro-cis-pyranoMi-Z> 
pyridine hydrochloride, 

2-Imino-4-methyl-octahydro-pyranoMi-Z77pyridine 
hydrochloride, 

(cp) 2.Imino-4-Methyl- 1 ,3.4,5,7,8-hexahydro-pyranoM J- 
*7pyndine, acetic acid salt, 

(cq) 2-Imino-l-methyl-piperidine hydrochloride, 

(cr) N.(l.Benzyl-2-piperidinylidene)-N'-(phenyl)-iirea 

(cs) N-(2-Piperidinylidene)-N'-(phenyl)-urea 

(ct)N-[l-(4-Methoxyben2yl)-2-piperidinylidene]-N*- 
(phenyl)-urea, 

(cu) 2-Imino-I-(beiizyIaminocarbonyl)-piperidine 

^^^^ ^"-Octahydro-3-iinino-2H-l,4-benzoxazine 
hydrochloride, 

(cw) 2-Iimnopiperazine hydrochloride, 
(cx) 4-Methyl-2-iminopipera2inehydri)chloride, 
(cy) 2-Imino-decahydro-cM-quinoxaline dihydnichloride, 
(cz) 2-Imino-decahydro-fra/wKiuinoxaline dihydrochloride, 

(da) 4-6-DimethyI-2-imino-piperazine hydrochloride 

(db) 2.Iinino-4-methyl-6-(2-methylpropyl).5-oxo- 
piperazine hydrochloride. 



15 
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30 



(dc) 4-Benzyloxycarbonyl-2-imino-(l,2,3,4)tetrahydro- 
quinoxaline hydrochloride, 

(dd) 4-AcetyI-2-iimno.(l,2.3,4)tetrahydro-quinoxaIine 
hydrochloride, 

(de) 2-Imino-4-methyl-decahydro-fran5-quinoxaline, acetic 
acid salt, 

(d£) 3-Iininothiomoipholine hydrochloride. 
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(dg) 3-Imino-5-propyl-thiomorpholine, 

(dh) 3-Iniino-5-metiiyl-thiomorpholine, 

(di) 3-Iniino-5-ethyl-thiomorpholme, 
(dj) 3-Imino-5-butyl-thiomorpholine, 

(dk) 3-Imino-5(S)-(2-methyl propyl)-thiomorpholine, 
(dl) 3-Iimno-5(R)-(2-methyl propyl)-thiomorpholine, 

(dm) l-(/e/t-Butoxycarbonyl)-hexahydro-3-imino-(l//)- 1 A- 

diazepine hydrochloride, 

(dn) Hexahydro-2-imino-( 1 H)- 1 ,4-diazepine 

dihydrochloride, 

(do) Hexahydro-2-inimo-5-methyl-( 1 H)- 1 ,4-diazepine 
dihydrochloride, 

(dp) Hexahydro-2-imino-4-methyl-( 1 H)- 1 ,4-diazepine 
hydrochloride, 

(dq) 3-Amino-hexahydro-2-imino-(l^-azepine 
dihydrochloride, 

(dr) (5)-3-Amino-2-iminopiperidine dihydrochloride, 
(ds) Hexahydro-3-imino-l,4-oxazepine hydrochloride, 
(dt) Hexahydro-3-imino-l,4-thiazepine hydrochloride, 
(du) Hexahydro-3-iimno-5-propyl-(l//)-l,4-diazepine 
dihydrochloride, 

(dv) Hexahydro-3-imino-5-methyl-(l^-l,4-diazepine 
dihydrochloride, 

(dw) 2-Imino-decahydro-cis- 1 ,4-benzo(e)diazepine 
dihydrochloride, 

(dx) 2-Imino-decahydro-3H-benz(e)azepine 
hydrochloride, 

(dy) Trans-Octahydro-3-imino-2H-l,4-benzdiiazine, acetic 
acid salt, 

(dz) 2-Imino-5(6H)-oxa-c/5-hexahydro-( 1 H)-quinoline 
hydrochloride, and 

(ea) 2-Imino-4-methyl-5(6H)-oxa-cM-hexahydro-(lH> 
quinoline hydrochloride. 



wo 96/14844 



PCTAJS95/14812 



- 274 - 

(eb) (2-Imino-decahydro-cis-3H-benz(e)azepin 
hydrochloride, 

(ec) Trans-Octahydro-3-imino-2H-1.4-benzthia2ine, acetic 
acid salt, 

5 (ed) Cis-Octahydro-3-imino-2H-l,4-benzthiazine, acetic 

acid salt, 

(ee) 2-Imino-5(6H)-oxa-cw-hexahydro-(lH)-quinoline 
hydrochloride, 

(ef) 2-Imino-4-methyl-5(6H)-oxa-c/5-hexahydro-( 1 H)- 
10 quinoline hydrochloride, and 

(eg) 2-Imino-decahydro-trans-l,4-benzo(e)diazepine 
dihydrochloride. 



15 



22. A pharmaceutical composition for treating a nitric 
oxide synthase mediated disease comprising a pharmaceutical carrier and 
a non-toxic effective amount of the compound accrding to claim 1. 

23. A pharmaceutical composition for treating a nitric 
oxide synthase mediated disease comprising a pharmaceutical carrier and 
a non-toxic effective amount of the compound accrding to claim 17. 

24. A method for inhibiting the activity of nitric oxide 
synthases comprising administering to a subject suffering from a nitric 
oxide synthase mediated disease, a non-toxic therapeutically effective 

25 amount of the compound of Claim 1 . 
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